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Editorial* 


‘Minus Minus’ Phenotypes 


Most HUMANS have on their red blood 
cclls at least one antigen from each of the 
fist nine blood-group families. This is a 
universal truth of obvious importance, even 
though its significance is not now apparent. 
The simplest possibility is that each of 
the blood group systems provides essential 
materials for the construction of the red 
cell envelope, and that the most satisfac- 
tory materials are those produced by the 
common genes. Occasionally persons are 
encountered who have no detectable anti- 
gen of one of the blood group families: 
the term “minus minus” has been used by 
Race and Sanger!} to describe such pheno- 
types, as well as other phenotypes in which 
alternative antigens are lacking though 
other antigens of the system are still pres- 
ent. These rare types are a source of great 
interest and speculation, both as to their 
significance and their genetic explanation. 

The original “minus minus’ phenotype 
was Landsteiner’s common type O,? which 
was long considered as merely the absence 
of both the known antigens A and B. Then, 
in 1927, Schiff'? discovered that type O 
bloods all had the antigen H, which was 
interpreted as indicating that the O gene, 
allelic to A and B, produced antigen H, 
and type O seemed neatly explained. The 
genetic interpretation of common type O 


*Fred H. Allen, Jr., M.D., The Blood Grouping 
Laboratory, 332 Longwood Avenue, Boston, Mass. 
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had to be reconsidered when Levine, et 
al.,!° showed that the “Bombay type O” 
was explainable by the action of genes inde- 
pendent of the ABO genes, a milestone in 
our comprehension of the complexity of 
blood groups. Common type O does not, 
however, except for historical reasons, be- 
long in the company of the other “minus 
minus’ phenotypes as these are defined. 

Quite recently, many other “minus 
minus” phenotypes have been found, and 
a list is shown in Table 1. The list is now 
almost complete in the sense that examples 
of the “minus minus” phenotype have been 
found in each instance where reciprocally 
related antigens are known, except for M 
and N. There is no such phenotype in the 
Wright, Diego, or Sutter systems because 
no alternatives to antigens Wr®@, Di@, and 
Js@ are known. If Wr», Di>, and Js are 
found, it can be confidently predicted that 
types Wr(a—b—), Di(a—b—) and Js (a— 
b—) will also eventually be found. The 
important question, however, is the basic 
nature of these phenotypes. There appear 
at present to be several mechanisms by 
which they can be produced. 

Four general classifications are shown in 
Table 1. Type #1, the common type O, 
has been mentioned. Type #2, the Bom- 
bay type, was shown by Levine, et al.,!° to 
be caused by the absence of gene X, a gene 
independent of the ABO genes, which nor- 
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TABLE I. “Minus Minus” Phenotypes 


Classification System 


Type #1 ABO 


Type #2 ABO 
Type #3 Rh 


Type O (A—B—) 


no N) 
Lewis Le (a—b—) 
Duffy Fy (a—b—) 
P P—Tj (a—) 


Type #4 


Kell K—k—Kp ( (a—b—) (Ku—) 


Kidd Jk (a—b—-) 
Rh C—c—E—e—D— 
Lutheran Lu (a—b—) 


mally produces H substance or an ABH 
precursor. Common type O is therefore, 
possibly, a combined effect of gene X and 
the absence of any ABO gene. Gene X thus 
is visualized as producing the basic ABO 
substance, which may then be modified by 
A or B genes to produce types other than O. 

The nature of type #3 (Table 1) is even 
less well understood. In these phenotypes 
there is absence of some, but not all, of the 
antigens known to belong to the particular 
system. The type —D—(C—c—D+E-—e-—) !2 
was originally considered to be caused by a 
deletion of C genes and E genes. This is 
still an acceptable possibility. Several 
other, generally similar, varieties of Rh 
“minus minus’ phenotypes have been re- 
ported. In the MN system, the type S—s—® 
is comparable. As with the common type O, 
it is possible that still undiscovered alterna- 
tives to C, E, or S may turn up, but one 
fact argues against this happening. In all 
these cases, other “expected antigens” (in 
my opinion) also are missing. Type —D— 
lacks (in addition to C, cE, and e) the 
antigen Hr,, as do also the other “minus 
minus” phenotypes of the Rh system. Type 
S—s— lacks also the U antigen; furthermore, 
the gene that produces M but no § or s 
also fails to produce any N, whereas other 
M genes do produce some N antigen.! As 
Race and Sanger pointed out,!3 another 
possible explanation of these phenotypes is 
a small inversion, or translocation, the in- 
verted or misplaced piece, in unfamiliar 
surroundings, not behaving normally. 

In the fourth category of Table 1 are 


Phenotype 


Bombay type (A—B—H—) 


C—c—E—e—D- (Hr,—) 
MN S—s— (U—, M produces 


Discoverer Explanation 


Landsteiner’ ? 


modifier gene? 


Bhende, et al. 


Race, ef al."° ’ 
Greenwalt, et al. f “partial deletion”? 


Andresen* 
Sanger, e/ al." 
Sanger™ 

Chown, et al." 
Pinkerton, ef al."' 
Vos, ef al." 
Crawford, ef al! 


amorphs? 


seven types in which the individual may b 
homozygous for an amorphic (do-nothing 
gene. In the Lewis system this amorp): 
would be the gene /e of Ceppellini,5 whic!) 
fails to produce any identifiable Lewis 
substance. In the Duffy, Kidd, and Lu- 
theran systems, the “minus minus” pheno- 
types are tentatively assumed to be duc, 
or possibly due, to homozygosity for the 
amorphic genes Fy, Jk, and Lu. The P 
system is not strictly comparable to the 
others, because P and Tj* have not been 
proven to be alternative characters; never- 
theless, the “minus minus” phenotype is 
considered to occur in persons homozygous 
for the amorph p.'¢ The Kell type K—k— 
Kp (a—b—) of Chown, et al.,6 is known to 
produce also no Ku,? and there is unpub- 
lished evidence of still other Kell antigens 
not produced by this Kell amorph, which 
is presently known as K®. The amorph that 
produces none of the Rh factors is known 
as — — —.18 Any of the types in category 4 
may eventually be shown to be genetic 
deletions, inversions, or translocations. Or, 
possibly, other antigenic alternatives, such 
as H in the ABO system, may turn up. 
None of these types appears to be caused 
by independent modifier genes, on the 
basis of family studies that have been re- 
ported. The high frequency of type Fy (a— 
b—) in Negroes (the one known exception 
to the general rarity of “minus minus” 
types), suggests that this may be different 
from the others of category 4, Table 1. It 
may, for example, more closely resemble 
the common type O. 





anti bo 
others, 
phenot 
univer: 
many, 
“minus 
a gene 
gen; 1 
antigel 
tigated 
In not 
antiger 
by abs 
quite a 
numbe 
Mos 
are vel 
idea tl 
lost b 
even st 
in terr 
keep t 
very lc 
sanguil 
minus’ 
system: 
ing an 


"Exo 
phenoty 


EDITORIAL 


In any or all of the known “minus minus” 
ypes, there may be present still another 
antigen of the same blood-group family, 
which is so universal that it cannot be de- 
ected as a blood-group factor. Conceiv- 
ably, such universal antigens might be de- 
ect ible by dosage titrations of serum or 
red cell eluates from persons with idio- 
pathic acquired hemolytic anemia. I have 
no dea how much work may have been 
done along this line; such investigations 
would be based on the assumption that 
autc-antibodies might be formed that would 
detect such antigens, just as other auto- 
antibodies have detected the antigen e and 
others, and also that the “minus minus” 
phenotype might have an excess of the 
universal antigen. It seems unlikely that 
many, if any, of the  presently-known 
“minus minus” types are homozygous for 
agene that produces an uncommon anti- 
gen; most of the large number of rare 
antigens have been quite thoroughly inves- 
tigated in exploration of this possibility. 
In not a single case* has an uncommon 
antigen been found to fill the gap caused 
by absence of two alternative antigens, a 
quite astonishing fact considering the large 
numbers involved. 

Most of the “minus minus” phenotypes 
are very rare. This is consistent with the 
ilea that the “‘amorphs” are simply genes 
lost by deletion. Presumably deletions, 
even small ones, would be disadvantageous 
in terms of genetic “fitness,” which would 
keep the frequency of such chromosomes 
very low. The very high incidence of con- 
sanguinity in known examples of “minus 
minus” phenotype in the Kell and Rh 
systems (Race and Sanger!‘) is an interest- 
ing and unexplained facet of the problem. 
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An American family of English extraction is re- 
ported in which two Oh (“Bombay”) members have 
transmitted A, genes to their children thus demon- 
strating that the expression of the gene A,, like 
that of the gene B, can be suppressed in this pheno- 
type. Another American family, of French extrac- 
tion, shows with a high degree of probability that 
the expression of the gene A, can be similarly 
suppressed. 


Tue “Bombay” phenotype was described 
in 1952.2 The red cells and saliva of people 
belonging to this phenotype lack demon- 
strable A, B and H antigens and their 
serum contains anti-A, anti-B and anti-H. 

In 1955 Levine, Robinson, Celano, Briggs 
and Falkinburg described a family in which 
the “Bombay” phenotype was associated 
with suppression of the action of the gene 
B and of the secretor gene Se; the forma- 
tion of the antigen H was also suppressed. 
The suppression was clearly genetic and 
was attributed to genes which were named 
Xx: X being very common and x very rare 
in the general population. Suppression re- 
flected the presence of two x genes. The 
convenient symbol Oh was proposed for 
the “Bombay” phenotype. 

It was of interest to know whether Oh 
could be the manifestation also of the sup- 
pression of the action of an A gene; but for 
five years the only families reported!: 1° 1! 
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did not give evidence for or against sup- 
pression of A or B. The second and third 
families in which suppression was provei 
to be behind the Oh phenotype were inves- 
tigated by Hakim, Vyas, Sanghvi «nd 
Bhatia (1961). In one of these families it 
is again the antigen B which is suppressed: 
in the other the suppression is either of 
B or of A or of both, but the family groups 
do not disclose which. 

Two Oh families are here reported: the 
demonstration of the suppression of A, in 
the Pr. family depends on arguments of 
probability, but in the Be. family the sup- 
pression of A, is obvious. 


The family Pr. 

The proposita, Mrs. Pr., was a patient 
in St. Vincent Hospital, Worcester, Massa- 
chusetts. She is a Caucasian of French ex- 
traction. Her blood was grouped for a 
transfusion which, in the end, was not 
needed. The patient is Rh negative; the 
finding of an Oh, Rh negative prospective 
donor would have been practically impos- 
sible had not one of her brothers 
proved to be Oh, Rh negative. Mrs. Pr. 
has no detectable anti-Rh in her serun, 
which is not surprising since both her Rh 
positive children are, of necessity, ABH 
incompatible.!2 

There is no known consanguinity in 
this family. 


also 
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“BOMBAY” GROUPS Oh*: AND Oh*2 


Le(a+b-) 
non-sec 


Oh Ay A\ A\ Ai Ay A\ Oh A; \ 
Le(a+b-) Le(a-) Lela+) Lela Lela-) Lela-) Lela +) Lea+b-) Lefa-) Le(a-) 


L L ‘. L L L L L L 


Lela+b-) 
non-sec. non-sec. 
c & 


Fic. 1. The Pr. family. Black = Oh, hollow = not Oh; arrow — propositus. Le (a+) etc. 
= Lewis phenotype of red cells; L = Le* substance present in saliva. 


Taste 1. The Groups of the Two Families 


saliva 
ABO MNSs P Rh Lu* K LeaLe> — FyaFy? Jkayke Secretor Lea Le? 
Pr. family 
[-] Ns/Ns T sec. 
-2 MS/MS ~ 7 non-se°. 


II- f Ms/Ns 3 non-sec. 
MS/Ns a . non-sec. 
MS/Ns rv - Sec. 
MS/Ns '» non-sec. 
MS/Ns nr non-sec. 
MS/Ns ‘. oF - 3 sec. 
MS/Ns ; - { sec. 
MS/Ns r non-sec. 
MS/Ns . ov non-se->. 
MS/Ns T - sec. 
MS/Ns . - sec. 


Ns/Ns is P - non-sec. 
MS/Ns ms or non-se-. 


a 
+ 
ae 
te 
+ 
4. 
ce 
rr 
+ 
‘ 
oA 
+ 
ate 
=o 
+ 


Be. family 
II-1 Ms/Ns P cs ‘ | ‘ { non-sec. 
Ms/Ms p xs i : sec. 


te Gon 


Ms/Ns = -- 4 } -+- non-sec. 
Ns/Ns 
MS/Ms 
Ms/Ns 


Ms/Ms rr 4 non-sec. 
Ms/Ns vr - ‘ sec. 

Ms/Ns ; 

Ms/Ns_ ‘Pz ; + + sec. of 


Ms/Ns - { of ofr 


’ ' a 
-_— -~I'OOs 


2 


a oa eS 
a St Cor 


Antisera used: anti-A, -A,, -B, -A-+-B, -H, -O; anti-M, -N, -S, -s; anti-P,: anti-D, -C, -c, -Cw, -E, 
-e; anti-Lua; anti-K; anti-Le@ and, in the absence of A,, anti-Le>; anti-Fy4, and sometimes 
anti-Fy>, anti-Jk#, -Jk. Pr. [1-2 gave normal reactions with anti-I (positive) and anti-i (negative). 
The amount of H in the saliva of Pr. II-3 and II-7 was considerably less than that in the saliva 
of other A, members of the family. 
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The family Be. 


The propositus, Mr. Be., a patient of 


English extraction at the University of 
California Medical Center was brought to 
notice because of difficulty in crossmatch- 
ing prior to prostatectomy for benign pros- 
tatic hypertrophy. 

The parents of the propositus were first 
cousins. 

Results 

The pertinent groups of the two families 
are shown in the pedigrees (Fig. 1, 2): 
fuller groups are given in Table 1. Each 
propositus has one Oh sib. 


Identification with Oh 

The identification of the phenotypes of 
Pr. 11-2 and II-9 and Be. II-1 and II-4 with 
previous examples of Oh depends on the 
following tests: (1) The sera of the four 
people agglutinated all red cells tested ex- 
cept their own, each others and those from 
two Oh persons, Donor Z? and Mr. P.K.R.!° 
Furthermore, the agglutination could be 
inhibited by secretor saliva. (2) The cells 


I 


Oh 
Le(a+b-) 
non-sec. 

L 


Le(a-b+) 
sec.H 


Aa 2 2] 
Le(a+b-) Le@-b+) Le(a-b+) 
non-sec. sec.A,H 


Le(a+b-) 
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of the four people were not agglutinated by 
the serum of the following Oh persons: he 
original “X,” “Y" and “Z,”2 Mr. P.K.R ,l0 
X.H.M.!3 and Mr. M.7 

Saline suspensions of the cells of Pr. | [-2 
and II-9 were not agglutinated by an: -A 
(including “immune” examples), anti A 
(inc! 
ing one “immune” example), anti-A 
anti-H (human and Ulex) nor by “anti 
(human). The immune anti-A and an i- 
did not react with the cells of II-2 or 
when Léw’s papain method was used. 
anti-A could be eluted from the cells a 
exposure to immune anti-A. 

The cells of Be. II-l1 and II-4 were 
exhaustively tested: they were negative v ith 
anti-A, anti-A; (human and Dolich:s), 
anti-B, anti-A+B anti-H = (human 
and Ulex). 

(3) Like other examples of Oh, Pr. ‘1-2 
and II-9 and Be. II-l and II-4 are non- 
secretors of A, B and H substances and 
their saliva contains Le® substance (but 
not Le? substance) . 


1 
(human and Dolichos), anti-B 


and 


2 


Oh B Ao 
Lefa-b+) Le(a-) | Le(a+b-) 
non-sec. 


As 
Le(a- b+) 
sec.A,H 

L 


A>B A> 
Le(a+b-) 


Phe Be. family. 1-1 and 1-2 ave first ccusins. 
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TABLE 2. Inhibition and Absorption Tests on the Serum of Four Oh People 


Serum Pr. 11-2 
Cells O A, A, 


|. serum -} saline 4 

+. O non-sce. saliva | 4 

+ O sec. saliva - 

+ A sec. saliva i 

+ B sec. saliva - 

+. A subst. (Knickerbocker) 
absorbed by O cells 


| 
| 
| 
| 
| 
| 


Pr. 11-9 
1|O A, A, 


Be. II-1 


In the inhibition tests equal volumes of saliva, diluted 1 in 2 in saline, were added to the 


serum. In the absorption tests equal volumes of serum and packed cells were used. 
Scale of agglutination: 4, 3, 2, 1, 


nation tests were incubated at about 22°C. 


Inhibition and absorption tests 


Table 2 summarizes the results of inhi- 
bition and absorption tests on the sera of 
the four Oh people. Anti-B is easily demon- 
strated in all four sera (rows 4 and 5 and, 
in Pr. I1-2 only, rows 6, 8 and 9); and so is 
anti-H (it is inhibited by all the samples 
of secretor saliva) . 

The presence of anti-A, is demonstrated 
in Pr. H-2 and Be. H-4 (row 5). There is 
no clear demonstration in Table 2 of anti-A 
in any of the sera, but when O secretor 
saliva was added, drop by drop, to the 
serum of Pr. II-2 until it no longer reacted 
with O cells then anti-A,, anti-A and anti-B 
could all be detected. When the serum of 
Pr. II-2 is absorbed by B cells (row 10) the 
reaction for A cells disappears: B secretor 
saliva does not have this effect. 


Other tests 

Temperature affects the reactions of the 
the serum of all four Oh 
individuals; they react more strongly at 
lower temperatures, as Table 3 shows: in 
this they differ from the antibodies in the 
serum of some Oh people!: 2; 1°13 but not 
of others.?: 14 At 37 C. three of the four sera 
reacted most strongly with B cells. 

For a reason which will be given in the 
discussion the cells of the two Oh members 
of the Be. family were tested against titra- 


antibodies in 


The aggluti- 
W, -. 


tions of a horse anti-type XIV pneumococ- 
cus serum. Their agglutination scores were 
no higher than those of control O Le (a— 
b+) and O Le (a+b—) cells, but they were 
higher than the scores achieved by one B 
and two A, members of the Be. family. 
After two absorptions with O Le (a—b-) 
or O Le(a+b—) cells the anti-type XIV 
serum still agglutinated a sample of Oh 
cells, rather weakly, but it did not aggluti- 
nate two control O samples. 

The antibodies in the sera of Be. II-1 
and II-4 were localized in the y globulin 
fraction by starch block preparative elec- 
trophoresis. 

The sera of Pr. II-2 and II-9 agglutinated 
O, A and B cord cells (thus behaving like 
other Oh sera tested at the Blood Group 
Research Unit). 

The sera of the relatives of the Oh per- 
sons in the two families were conventional 
This 
was shown by agglutination tests and con- 
firmed by inhibition tests with saliva from 
A, B and O secretors. 


in their anti-A and anti-B content. 


Discussion 
The Be. family (Fig. 2) 
clearly that the “Bombay” phenotype can 
be the consequence of suppression of A, 
just as it can of B. The propositus, II-4, 
who is Oh, and whose wife is O, has an A, 


demonstrates 
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daughter. The elder brother, II-1, is also 
Oh and his wife is O and they have three 
A, children. The group of II-4 and II-1 
may, therefore, be written Oh42; the super- 
script being added, as suggested by Dr. 
Levine, after family tests have shown which 
gene has been carried but prevented from 
expressing itself as an antigen. 

TaBLe 3. The Effect of Temperature on the Scores 


Given by Various Red Cells When Tested Against 
Titrations of the Serum of the Four Oh Persons 


Cells 
A, Ag 


PT. II-2 serum, 37° C. 6 10 
— ee re 41 30 
o « 8°C. 53 37 


Pr. I1-9 serum, 37° C. 2 0 
* ” 2° C. 13 9 
ss as 8° C, 25 18 


Be. II-1 serum, 37° C. 37 29 
°C. 40 
= 7" 8° C. 49 34 
Be. I1-4 serum, 37° C. 15 13 
m - 22° C. 


' re 8° C. 31 25 


“ “ 


In the Pr. family the demonstration that 
A, has been suppressed is less straightfor- 
ward because II-2 cannot be proved to have 
transmitted an A, gene to the next genera- 
tion. The argument that she has an unex- 
pressed A, gene depends on the genotype 
of her father. The father, I-1, has given 
an A, gene to all the eight of his children 
who are not of the Oh type. He is, there- 
fore, probably of the genotype A,A,: the 
chance of his being A,O is only (14)8 or 1 
in 256. If he were A,O the chance that 
both his Oh children would lack A, is 1 
in 4. The total chance therefore that 
neither of the Oh people has A, is only | 
in (256 « 4) or 1 in 1,024. 

We know that xx inhibits the formation 
of B and of H antigen: it seems reasonable 
to suppose that the same xx genes are re- 
sponsible for the inhibition of A and of 
H antigens in the present two families. 
Such a conclusion agrees with the theory 
developed by Watkins and Morgan's: !6 and 
by Ceppellini# that the genes A and B 


convert a precursor mucopolysaccharide H 
more or less completely to their own stam», 
and that the Oh phenotype results from tle 
absence of a gene H necessary for the pio- 
duction of this precursor H_ substan, 
Should this very attractive theory ul i- 
mately be substantiated then the suppress or 
genes X and x could more appropriately \e 
called H and h—a notation suggested 
Watkins and Morgan!® when consideri 
the “Bombay” phenomenon before the fi 
ing of the first family that demonstrat 
the suppression of B. 

According to Watkins and Morgan!7 ¢ ) 
only serological activity of ABO and L « 
precursor substance so far demonstrated ji 
the capacity to cross-react with anti-ty 
XIV pneumococcus serum. According 
the current theory Oh cells should conta 
unmodified ABH precursor substance. 
was therefore disappointing to find tl 
Oh cells reacted no more strongly than O 
cells with the anti-type XIV serum. Per- 
haps the theoretically possible Oh cells 
which are Le (a—) will, if ever found, give 
a different result. 

Ceppellini,5 the first to foresee suppres- 
sion as an explanation of Oh, considered 
that the suppressor gene might belong to 
the Lewis system. 

If we assume that the Xx genes are re- 
sponsible for the Oh phenotype in the four 
families so far published!: % 1° 11 and _ for 
the two reported in this paper, then some 
negative information is available about 
the location of these genes. 

In the family Be., I-l and I-2 are first 
cousins; therefore they have identical copies 
of the same x gene (since we may reason- 
ably assume that it has come to each from 
the same grandparent). It follows that the 
Xx genes cannot belong to any locus for 
which either of the Oh sibs are hetero- 
zygous. Thus the Be. family shows that the 
Xx genes do not belong to the MNSs, P, 
Rh, Duffy or Kidd loci. 

In families with or without consanguin- 
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ity another argument can be used. If the 
Xx genes belonged, say, to the Rh locus 
(which they do not) then xx sibs would 
have to have the same Rh groups. It fol- 
lows that if xx sibs differ from each other 
on any system then the Xx genes do not 
be ong to that system. 

\Ve have applied these two methods to 
th four Oh pedigrees previously published, 
an. the Xx genes are shown not to belong 
to the following loci: ABO, Secretor,? 
MNSs,!9 P,1! Rh,!) 1011 and Duffy.1. The 
Xx genes are not sex-linked: if they were 
the son of Pr. IIl-2 would be Oh, but he 
is /10t. 

The Xx genes do not belong, therefore, 
to uny of the following loci: ABO, MNSs, P, 
Rh, Duffy, Kidd or Secretor; nor are they 
sex linked. 

‘The sera of Oh people deserve further 
investigation: they do not contain simple 
mixtures of anti-A, anti-B and anti-H 
though all these antibodies can be identi- 
fied in them. The problem is likely to be 
dificult, even more so than that of the 


specificity of the antibodies in group 
O sera. 6 
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Eleven Cases of “Bombay” Phenotype in Six Families: 
Suppression of ABO Antigen Demonstrated in ‘Two Families 
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Blood Group Reference Centre, Indian Cancer Research Centre, 
Parel, Bombay 12, India 


Eleven cases of “Bombay” phenotype in six dif- 
ferent Indian families are reported. Two of the 
families show evidence for the suppression of the 
ABO antigens. In one family B antigen was in- 
volved in two sibs with “Bombay” phenotype and 
in the other suppression was evident but the true 
ABO groups could not be ascertained. Most cases 
are identified due to crossmatching difficulty but 
a few cases are reported in this article which were 
detected through the cells. The ccmmon occurence 
of these cases from Bombay is pointed out and the 
importance of using anti-H as one of the reagents 
in doing ABO grouping in India is stressed. 


BHENDE, Deshpande, Bhatia, Sanger, 
Race, Morgan and Watkins* in 1952 dis- 
covered a new ABO blood group now pop- 
ularly known as “Bombay”: the serum of 
people of this group contains anti-H as 
well as anti-A and anti-B and the cells fail 
to be agglutinated by anti-A, -A,, -B, -H 
and anti-O. Three examples were reported 
and all were Le (a+b—) and non-secretors 
of ABH antigens. Since then a few more 
cases have been reported from India,?: 8: 9 
one Irish family with two cases by Parkin? 
and an American family of Italian origin 
with three cases by Levine, Robinson, Ce- 
lano, Briggs and Falkinburg.® 

Originally this blood group was thought 
to be due to a new allele at the A,A,BO 
locus. Levine, et al.,° while investigating 
their family were able to show that there 
was no new gene at the A,A,BO locus, but 
the ordinary ABO antigens were suppressed 
on the red cells and in the saliva by the 
presence of a rare suppressor gene x in 
homozygous condition. 

In the past few years we have encoun- 
tered 11 cases of this character in six differ- 
ent families. Details regarding their caste, 
community, sex, consanguinity and mode 
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of ascertainment were recently reported by 
Bhatia and Sanghvi,? who found three c: ses 
in their series of 11 had consanguinity 
among their parents. 

All these cases have been investigated in 
detail: red cells were tested with 8 to 10 
anti-H sera and the sera were tested with 
at least two “Bombay” cell samples. Tab e | 
gives the blood groups of all the mem! ers 
investigated in these families and Tab!» 2 
gives the results of titrating the sera of 
these 11 people against O, A,, As, B, A,B, 
A.B as well as cord O and papainized group 
O cells at room temperature (appiox. 
28 C.). Titers in all these 11 cases were 
the same when the tests were done at 
different temperatures. All these sera con- 
tained anti-A, anti-A,, anti-B besides antifl. 
Absorption with Le(a+b—) and Le (a— 
b+) did not reveal Lewis antibody in any 
serum. Cells in many of the cases were 
also used for absorption and elution tes's 
with several immune anti-A+B (group O) 
sera and no anti-A or anti-B was eluted. 
The anti-H in all these cases was inhibited 
by secretor saliva and me®nium but not by 
non-secretor saliva antl meconium. Details 
of the cases are given below. 

Family R. A.: This was an isolated case 
investigated as above but family investi- 
gations could not be done. 

Family S.S.B.: Tests on the few avail: 
able members did not reveal any suppres: 
sion. The patient and her husband were 
both non-secretors so there was good oppor- 
tunity of detecting the suppression of the 
secretor gene by finding at least one se- 
cretor child. However, all her three chil- 
dren were non-secretors. 

Family Jak.: Three generations were 
tested: three more cases of “Bombay” char 
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Fic. 1. ABO, Lewis blood groups and Secretor status of the members of the 
Phenotype. 


‘O’ (H—) = “Bombay” 
acier were found amongst the sibs of the 
propositus (Fig. 1). In this family the 
serological data appear, superficially, to 
violate the Mendelian laws of inheritance. 
The propositus and three of his sibs are 
apparently group O, but with anti-H in 
their sera, and their mother is group A,B: 
the mating A,B mother and B father 
should give rise only to A,, B and A,B 
children and all these groups were found 
in the remaining sibs of the propositus. 
The true groups of III-2, III-4, II-5 and 
I11-9 may be A,B or AB. Both the parents 
were Le (a+b—) and non-secretors of ABH 
antigens in saliva. The Lewis blood groups 
therefore do not contribute to the question 
of suppression of the secretor gene which 
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Hatching = Dead. 

does not arise in this case, but they do 
substantiate the genotype of the “Bombay” 
persons in this family as sese. 

Family Jip.: This case was identified 
while testing the cells of a Kokana tribe 
during an anthropological survey in which 
all cells were tested with chicken anti-H. 
The father and two brothers of the pro- 
positus were tested: one brother, Mr. S., 
also had the “Bombay” phenotype. There 
was nothing informative about the suppres- 
sion of the ABH antigens. 

Family Kr.: Mrs. Kr., aged 30 years, and 
in her seventh month of pregnancy, came 
for ante-natal check up. This was her 
fourth pregnancy; she had three healthy 
children. During ante-natal Rh testing her 
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Taste 1. Blood Groups of the Members of ‘Bombay’ Families 


Saliva 
Family Name ABO Rh MN P Kell Fy* Lewis. B H Le 1a 


R.A. Mr. R.A. ‘Bombay’ R,Ro MN P; a+b— 
S.S.B. Mrs. S.S.B. ‘Bombay’ N Py a+b— 
her husband Ay Rir M P. - a+b— 
her son Ay Ryr P, a+b— 
her son 
her daughter 


I-1 

1-2 

II-1 

1-2 

[1-3 

1-4 

I1-6 

III-1 

III-2 ‘Bombay’ 
11-3 Ay 
IIf-4 ‘Bombay’ 
III-5 ‘Bombay’ 
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I1I-8 A,B 
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TABLE 2. Titers of Antibody in the Sera of Eleven ‘Bombay’ Persons for the Following Red Cells: 
O, Ay, Ao, B, A,B, AB, Cord O and Papainized O 


F. mily Case O Ay 


RA. Mr. R.A. 64 
S. .B. Mrs. S.S.B. 
Jex III-4 128 256 
128 512 

1,024 

2,048 

64 

64 

128 


512(2) 


512 (4) —-128(2)—«5 122) 


256 


128 
Mrs. A.F. $2 128 


Figures in parentheses indicate titer of hemolysins. 


blood was tested as a routine with anti-H 
serum. She delivered a full-term male baby, 
group O and his cells reacted strongly with 
anti-H serum. The direct Coombs test on 
the baby’s cells was negative. The cord 
serum of the baby contained incomplete 
anti-H (titer 4), anti-A (32) and anti-B 
(32): though the complete form of the 
antibody was detectable in small amounts. 
Eluate from the cord cells had anti-H (titer 
2). Saliva, amniotic fluid and meconium 
of the baby were also tested for the pres- 
ence of A, B, H and Le? antigens which 
were not detected: Le® antigen was present 
in all three fluids. There was no rise in the 
titer of the anti-H in the mother’s serum 
when tested on the tenth day after delivery, 
and the baby did not have any signs of the 
hemolytic disease of the newborn. 

Results of the family investigations are 
given in Figure 2. A sister (I-5) is also of 
the “Bombay” type. These investigations 
also revealed the suppression of the B anti- 
gen in the propositus, I-7, and her sister, 
1-5. The children of I-7 were group A,B 
(11-4), B(II-5), A, (II-6) and O (II-7) 
while the children of I-5 were group A, 
(11-1), and A,B (11-2, II-3). The finding of 
group A,B children to superficially group 
O mothers is contrary to the law of inheri- 
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tance of blood group genes and confirms 
the suppression of antigen B in I-5 and I-7. 
The presence of group A, in the children 
of I-5 and A, and O in the children of 1-7 
shows that the genotype of I-5 and I-7 must 
be BO and that of the husband, I-8, of the 
propositus is AO. No positive evidence 
for the suppression of the ABH antigens 
in saliva could be obtained from the family 
studies though other sibs of these two sisters 
were all secretors. This suggests that the 
secretor gene is very likely suppressed in 
both I-5 and I-7. If so, two of the children 
of I-7 should have been secretors. All her 
children were, however, non-secretors. 

Family A. F.: This case was also detected 
during ante-natal check up. The patient, in 
N. Wadia Maternity Hospital, had had 
three normal deliveries. She was found to 
be Rh negative (cde/cde) and to have the 
“Bombay” character: her serum contained 
anti-H but no Rh antibody. It was only 
possible to examine her son’s blood and 
this was group O and reacted strongly with 
anti-H serum. 

Discussion 

Interpretation of the findings in the two 
families, Jak. and Kr., is simplified by the 
earlier observation of Levine, et al.,6 who 
reported the suppression of B and H anti- 
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gens on red cells and in saliva. This con- 
firmed the earlier masterly prediction of 
Ceppellini’ who on analyzing the data in 
the first three “Bombay” cases reported by 
Bhende, et al.,* anticipated the possibility 
of gene interaction of Lewis and ABH se- 
cretion system. He also indicated some 
such mechanism for the red cell antigen. 
Until recently there was no evidence for 
the suppression of the antigen A though 
the chance of one or more of the four 
“Bombay” persons in the Jak. family being 
group A or AB could not be excluded. How- 
ever, suppression of A has now been demon- 
strated in one family with certainty and in 
another with a high degree of probability.! 

The ABO genes are transmitted and their 
effects are fully expressed in the Xx indi- 
viduals who are heterozygous for the sup- 
pressor gene. This was the reason for the 
normal character of the A, B and H anti- 
gens in the persons who are the carriers of 
this rare gene in the present study and also 
in the earlier cases reported by Bhatia, 
et al.3 

Such families sometimes appear to vio- 
late the laws of inheritance and may thus 
create a theoretical objection to the use of 
ABO blood groups in disputed paternity 
tests. But the objection is not valid for 
these cases can easily be spotted by the 
negative reactions of the red cells with 
anti-H sera and the presence of anti-H in 
the serum. 

The finding of eleven cases in the last 
few years in six different families suggests 
that such cases are not very rare in India. 
An attempt has been made to get the fre- 
quency of this phenotype in Bombay. It 
has been observed that the incidence of 
the “Bombay” phenotype in the Marathi 
speaking persons in and around Bombay 
is of the order of | in 13,000 and it can 
be calculated that 1 in 77 of these people 
may be carriers of the gene x (Bhatia and 
Sanghvi) .2, Most of these cases were dis- 
covered because of difficulty in cross-match- 


ing but the few cases like the Donor Z 
(Bhende, et al.)# and Mr. Jip., Mrs. Kr. 
and Mrs. A.F. are the results of a delibera ie 
search by testing cells with anti-H serum js 
a routine. The finding of the 18 cases n 
India stresses the importance of the routi 
use, in India, of anti-H serum for blo) 
grouping. 
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Erythrocyte Receptors for T'wo ‘Nonspecific’ Lectins* 


WILLIAM C. Boyp, EUGENIA WAszCZENKO-ZACHARCZENKO 


Boston University, School of Medicine 


comparative study of the inhibition by various 
sul stances of (nonspecific) Bauhinia purpurea and 
Ric nus communis hemagglutinins reveals many 
sin larities but some definite differences. Bauhinia 
ext acts are made N-specific by the presence of 
D+ alactose or of other sugars of Makela’s group 2, 
bu Ricinus is not. Bauhinia is inhibited by some 
car »0hydrates of group 3, and Ricinus is not. The 
ery hrocyte receptors with which these two lectins 
cor bine are thus apparently not identical. It is 
suggested that all human erythrocytes contain a 
considerable number of such receptors, and that 
oniy some of the receptors, possibly only the ter- 
miial few units of some of them, are altered by 
the action of genes such as A,B, O; M,N; C, c; etc. 


ONE of us! has previously reviewed the 
work of Morgan and Watkins,’ Kriipe,’ and 
Mikela§’ which led to the concept that even 
the “nonspecific” plant agglutinins, or some 
of them at least, display a certain degree 
of specificity, in that their agglutinative 
activity for red cells is inhibited by certain 
carbohydrates and not inhibited by others. 
It was suggested also that from the results 
of such inhibition studies tentative conclu- 
sions may be drawn, reasoning as did Wat- 
kins and Morgan!°: !! and Kabat,® as to the 
chemical nature of the receptors in the 
erythrocytes with which these phytagglu- 
tinins combine. We wish to present here 
the results of a new comparative study of 
two such nonspecific agglutinins, the one 
that is found in the seeds of Ricinus com- 
munis, which was one of the first plant 
agglutinins to be discovered, and that of 
Bauhinia purpurea, one of the most recent. 


* This work was aided by research grants (H-1076 
(C8), RG-4704 (C4) and RG-6939) from the National 
Institutes of Health, and a research grant (NSF 
G-15082) from the National Science Foundation. 
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Extracts of Bauhinia purpurea, unless cer- 
tain inhibiting substances such as galactose 
are present,? agglutinate the erythrocytes 
of all the human beings we have tested, and 
Ricinus communis extracts seem to be non- 
specific, in this sense, no matter how they 
are treated. 

Some inhibition studies were made by 
Kriipe? on Ricinus, Makela® studied Bau- 
hinia variegata, and preliminary studies 
were made on Bauhinia purpurea in this 
laboratory.2. The present report is based 
on the results of a new, rather more thor- 
ough, investigation carried out on the two 
lectins simultaneously. 


Materials and Methods 


The Bauhinia seeds were ground fine in 
a mill and extracted with eight times their 
weight of 0.9 per cent NaCl solution as 
described by Boyd, Everhart and Mc- 
Master.? As there described the lectin was 
fractionated and redissolved in concen- 
trated solution. 

The Ricinus seeds were shelled, cut into 
small pieces, and extracted with a mixture 
of one part ethanol and two parts ether 
until apparently fat-free. They were then 
dried at room temperature, ground in a 
mortar, and extracted overnight with ten 
times their weight of 0.9 per cent NaCl 
solution. The Ricinus extract was not 
further treated, as no treatment tried by 
us had any effect on its specificity. Suitable 
dilutions of the clarified Bauhinia and 
Ricinus extracts were made with 0.9 per 
cent NaCl solution. 

Our technic of testing for inhibition con- 
sisted of mixing in small test tubes one drop 
of a suitable dilution of the lectin with one 
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Fic. 1. Inhibition of Bauhinia and Ricinus extracts by various substances. The width of 
the vertical columns is proportional to the degree of inhibition at the various concentrations strer 
of inhibitor. The substances used are indicated by numbers. They were: Group (a): (1) p-galac- lute 
tose, (2) raffinose, (3) lactose, (4) melibiose, (5) p-talose, (6) L-arabinose, (7) p-mannoheptose; a 
Group (b): (8) p-erythrose, (9) L-altrose, (10) cellobiose, (11) maltose, (12) turanose, (13) treha- ext. 
lose, (14) salicin; Group (c): (15) L-rhamnose, (16) L-mannose, (17) L-xylose, (18) i-inositol. lecti 
Test erythrocytes as indicated in text. and 


drop of a suitable dilution of the carbo- We generally started with stock 0.2 M the 


hydrate (and, in the case of Ricinus, a solutions of the substances we were study- c 
drop of 0.25 per cent saline solution of ing. These stock solutions were always kept havi 
lima bean trypsin inhibitort to prevent frozen when not in actual use. is d 
the agglutinated red cells from sticking to the 
the walls of the tube), adding a drop of Results le 
| per cent erythrocyte suspension, incu- A number of the carbohydrates, glyco- _ 
bating at 4C. for an hour, mixing, centri- sides and polyols tested had no inhibitory, hyd: 
fuging at room temperature, and reading or very slight inhibitory, effect on either carb 
by gentle shaking of the individual tubes Bauhinia or Ricinus extracts, even in 0.2 M this 


: s . ad 
over a small mirror. concentration. These included: a 
on 


TABLE 1. Agglutinative Activity of Dialyzed Bauhinia Preparations in the tion 
Presence of Different Concentrations of a Group 2 Sugar Ty 


aa Boy 
Test cells y 
of type Molarity of Inhibitor (Lactose) Added dray 
of g 
0.025 0.013 0.006 anal 
0 0 0 ag6 
0 0 2.5 f £ : som 
0 0 2 : 3.! shor 


Tal 

The numbers in the table indicate the strength of agglutination when erythrocytes were thi 

added to the mixture of lectin and inhibitor, the mixture incubated, mixed, centrifuged, wiht 

and gently shaken (see text). The symbol 4 indicates complete agglutination, 1 weak agglutina- eigh 
tion, 0 no agglutination. 
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melezitose 

p-ribose 

p-sorbitol 

sucrose 
streptomycin 
streptobiosaminide 
p-xylose 

L-xylose 


ac onitol gentiobiose 

p- illose p-glucose 
p-irabinose L-glucose 

L- _rabinose p-gulose 

di Icitol p-idose 

ervthritol —_-lyxose 

L- ucose D-mannose 

p- ructose —p-mannitol 
-ralactose p-mannoheptulose 
The sample of stachyose tested by us was 
hemolytic in the higher concentrations, 
miking it difficult to ascertain whether it 
inhibited weakly or not. 

The results obtained with substances that 
innibited one or both of the lectins used 
in the present study are shown graphically 
in Figure 1. To facilitate reading off the 
concentrations of the substances listed to- 
ward the right of this figure, the concentra- 
tions of inhibitor are shown on a right- 
hand ordinate also. In order to make the 
two extracts roughly equal in agglutinating 
strength, the Bauhinia preparation was di- 
luted 1:3 for these studies, and the Ricinus 
extract was diluted 1:1500. Both of the 
lectins were always tested with M, MN, 
and N erythrocytes; only the reactions with 
the M erythrocytes are shown in Figure 1. 

The most striking difference in the be- 
havior of the two lectins, already reported,? 
is that sugars of Makela’s group 2 have 
the ability to make N-specific Bauhinia 
preparations which are nonspecific as a 
result of a deficiency of inhibitory carbo- 
hydrates or as a result of removal of these 
carbohydrates by dialysis. An example of 
this is shown in Table 1. In being thus 
made specific by the presence of certain car- 
bohydrates Bauhinia seems to be excep- 
tional.! 

Table | also illustrates a point to which 
Boyd, Everhart and McMaster? did not 
draw much attention, namely, that sugars 
of group 2 not only inhibit the “nonspecific” 
agglutinating activity of Bauhinia, but to 
some extent its anti-N activity too. This is 
shown better by the example chosen for 
Table 1, where the concentration of lactose 
which inhibits the anti-N activity is only 
eight times the concentration which in- 


hibits the “nonspecific” activity, than by 
the results of tests with other sugars, not 
shown. For melibiose, for example, the 


ratio of the two concentrations is 32. 

In no case did the addition of a substance 
to the Ricinus extract cause it similarly to 
act preferentially on the erythrocytes of N 
and MN individuals, or on the cells of any 
other particular individuals. In this sense 
Ricinus is truly “nonspecific.” 


Discussion 


The first impression gained from Figure 
| is perhaps that the various compounds 
studied have roughly the same inhibiting 
power for the two lectins, but a closer ex- 
amination reveals that the compounds re- 
ferred to in the figure fall into three differ- 
ent groups: (a) A group of substances that 
inhibit both lectins well, but which in 
general inhibit Bauhinia better than Ri- 
cinus (compounds 1-7); (b) a group that 
inhibits Bauhinia but does not inhibit 
Ricinus at all (compounds 8-14); and (c) 
a group that inhibits both Bauhinia and 
Ricinus well, although not quite as well 
as compounds of group (a), and on the 
whole tends to inhibit Ricinus better. It 
is surely no accident that the compounds 
in group (a) all belong to, or contain a 
monosaccharide belonging to, Miakela’s 
group 2 (p-mannoheptose, in spite of its 
name, is seen when written in the pyranose 
form to have the configuration at carbons 3 
and 4 that puts it in Miakela’s group 2 
The compounds in group (b) similarly 
belong to Makela’s group 3  (p-erythrose 
resembles the group 3 sugars p-glucose and 
D-mannose when viewed from the nonreduc- 
ing end). The compounds in group (c) 
belong to Miakela’s group 4 (i-inositol, 
which since it is not a sugar is hard to 
classify, has at one point the same alterna- 
tion of upward pointing and downward 
pointing hydroxyl groups as do monosac- 
charides of group 4) . 

Study of Figure 1 makes is very tempting 
to suggest that a sugar of Mikela’s group 2 
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plays an important role in the structure 
of the receptor with which Bauhinia and 
Ricinus lectins combine, and may in fact 
be a terminal group of this receptor. The 


inhibitory activity of the “unnatural” 
sugars of group 4 is more surprising, but 
suggests that a sugar of this group may play 
a role in the structure of the receptor, 
though perhaps not as a terminal group. 
This sugar might perhaps be rhamnose, a 
sugar already well known in nature, but 
it should be remembered that in the case 
of the Rh blood group antigens, where we 
were also led to suggest that a group 4 
sugar plays a role, we did not think it 
likely that the sugar was rhamnose.5 

In contrast to the results obtained with 
the compounds of groups (a) and (c), the 
compounds of the middle group (numbers 
8-14, or class (b), in Fig. 1) reveal clear-cut 
differences between the two lectins. Bau- 
hinia is inhibited by these substances 
(which belong to Makela’s group 3), but 
Ricinus is not. This would suggest that 
whereas the “Bauhinia” receptor in the 
red cell contains a sugar of group 3, the 
“Ricinus” receptor does not, or if it does 
the group 3 sugar is so far from the end of 
the active portion of the receptor that it 
has little effect on the specificity. If this 
is so, then the two receptors, so similar in 
many ways, cannot be identical. 

The fact that p-galactose is nearly as 
good an inhibitor, for either Bauhinia or 
Ricinus, as di- and trisaccharides in which 
galactose is the terminal monosaccharide 
might suggest that, accepting for the mo- 
ment the notion that p-galactose is the 
terminal unit in the cell receptor involved, 
the linkage of the galactose in the receptor 
is not the same as in compounds 2, 3, or 4, 
or the next-to-terminal sugar is different. 
Considering that in all the three com- 
pounds 2, 3, and 4 the next-to-terminal 
sugar is glucose, a group 3 sugar, and con- 
sidering that Bauhinia is inhibited by a 
number of compounds that terminate in 


glucose (numbers 9-12), this may sugge, 
that it is the linkage that is different. 

It will be noted that not only is the nc 
specific activity of Bauhinia inhibited 
galactose and sugars terminating in gal: c- 
tose, but its anti-N activity is also inhibit 
somewhat by these substances. It is ha 
to say whether this fact indicates that 
galactose plays some role in the struct 
of the N receptor. If it does, this wor 
seem to be a further clue to the chemi 
nature of this blood group antigen. 


The results of an inhibition study of : 
“peanut receptor’” (Gy) have been p 
sented elsewhere,* and one of us! | 
pointed out how these results and « 
earlier study of Bauhinia? suggest t 
there may be present in the human red « 
at least three different receptors teri 
nating in p-galactose (the blood group B 
receptor, the “Bauhinia” receptor, and Gy). 
It was suggested that in the Gy receptor 
the next-to-terminal sugar is glucose, linked 
to the terminal galactose possibly by the 
1-1 linkage. It will be remembered that 
p-glucose and two sugars terminating in 
p-glucose, melezitose and sucrose; inhibited 
our peanut extracts but do not inhibit 
Bauhinia or Ricinus. L-fucose does the 
same, but probably for a different reason, 
for it belongs to Makela’s group 1. It will 
be remembered that L-fucose has regularly 
been found to be a constituent of the ABH 
blood group substances. 

Perhaps the most interesting idea that 
occurs to us as a result of this work is the 
concept that human erythrocytes of persons 
of all blood groups have receptors contain- 
ing a sugar of group 2, possibly as a ter- 
minal unit, and that this receptor contains 
also a sugar of group 4. The ready agglutin- 
ability of human erythrocytes by Bauhinia 
and Ricinus, especially the latter, suggests 
that the surface of the erythrocyte is well 
provided with these “nonspecific” receptors, 
which moreover would seem on the basis 
of the studies reported here to be of at 
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We believe this 


corcept is compatible with the picture of 
erythrocyte surface as studded with a 
ety of receptors, mostly oligosaccharide 
ature, and with the notion that only 
ain of these, and possibly then only 
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terminal few monosaccharides, are dif- 
nt in individuals possessing different 
rtments of the alternative genes, A, B, 
M, N; C, c; etc. If this picture at all 
esponds to reality, it becomes even more 


lerstandable why it has always proved 


lificult to isolate specific blood group 
stances from the erythrocyte. 
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Minus-minus blood group phenotypes are char- 
acterized by the absence of any detectable pheno- 
typic representation of the alleles expected at the 
determining gene loci. Double minus phenotypes 
have been found in most blood group systems but 
all individuals thus far tested for the Lutheran 
factors have been Lu(a+b+), Lu(a—b+) or 
Lu(a+b—). Six individuals with the hitherto un- 
disclosed blood group Lu(a—b—) were found in 
three generations of a Caucasian family. 

Unlike the other minus-minus phenotypes, to 
which recessive genetical backgrounds have been 
assigned, Lu(a—b—) appears to be a dominant 
character. 

The Kidd groups of the family are also anom- 
alous: The proposita and her two_ brothers 
are Lu(a—b—), Jk(a+b—) yet their father is 
Lu(a—b—), Jk(a—b+) and their mother is 
Lu(a—b-+), Jk(a+b—). Possible genetical back- 
grounds are discussed. 


‘THE PHENOTYPE Lu (a—b—) was recog- 
nized for the first time in the American 
family of British origin about to be de- 
scribed. Such “‘minus-minus” phenotypes, 
as they have been called, are known in the 
ABO, MNSs, Rh, Kell, Duffy and Kidd 
systems; but Lu(a—b—) is of particular 
interest because it is evidently a dominant 
character and so differs from these other 
negative phenotypes for which only reces- 
sive genetical backgrounds have so far been 
invoked. 

The family is further gifted with unusual 
Kidd groups which may be original or may 
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reflect the heterozygous state correspond ng 
to the supposed homozygous condition Jk 
(a—b—) found so far only in one Hawai.an 
(Pinkerton, Mermod, Liles, Jack «nd 
Noades, 1959) and in five out of 88 Indians 
from Northern Mato Grosso, Brazil (Silver, 
Haber and Kellner, 1960). 

The ascertainment was simple, though 
unusual: one of us (M.N.C.) was found to 
be Lu (a—b—) and the subsequent family 
investigation brought to light the Kidd 
originality. There is no known consanguin- 
eous mating in recent generations of the 
family. 

Results 

The blood groups of the Cr. family are 
shown in Table 1. The Lutheran and Kidd 
phenotypes, in which all the interest lies, 
are set out in the pedigree (Fig. 1). 


Lutheran tests 

All samples were tested with at least 
two anti-Lu® and at least three anti-Lu 
sera: those from II-l, II-2, III-l, IlI-2 
and III-4 were tested with eight different 
anti-Lu® and six different anti-Lu® sera, 
by saline or anti-globulin methods. The 
results were confirmed by absorption and 
elution tests with three anti-Lu@ and two 
anti-Lu? sera. Second samples from these 
five people, taken six months later, gave the 
same results, as did many further samples 
from the proposita. 
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Lu (a—b—) AND UNCONVENTIONAL KIDD GROUPS 


No evidence of any Lué or Lu? inhibiting 
principle could be found in Lu (a—b—) 
plasma: Lu (a+b+) cells were suspended 
in an excess of the plasma of two Lu (a— 
b—) members, overnight, at 37 C., but the 
an'igens remained unaffected. Conversely, 
no evidence for any Lu*® or Lu» endowing 
property could be found in the plasma of 
no mal Lu (a+b-+) or Lu (a—b-+-) persons: 
Lu (a—b—) cells were incubated in such 


plasma but they emerged still Lu (a—b—). 


Kild tests 

All samples were tested with at least two 
an'i-Jk@ and anti-Jk» sera: those from II-1, 
Il-, I1I-1, 111-2 and III-4 were tested with 
ten different anti-Jk® and six different anti- 
Jk’ sera, by saline, anti-globulin, trypsin 
anti-globulin, Léw’s papain or ficin meth- 
ods. All antisera gave very clear reactions: 
the results are shown in Table 1 and 
Figure 1. 

Absorption and elution tests were done 
with one anti-Jk® serum and confirmed the 
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results of the direct tests. The proposita, 
III-1, and her sibs III-2 and III-4 are Jk 
(a+b—) but they are unlikely to be 
JkaJka, the genotype which normally cor- 
responds to this phenotype, because their 
father, II-1, is Jk (a—b-+-): we assume that 
they have only one Jk® gene and this is con- 
firmed by their reactions with the majority 
of the anti-Jk® sera which were distinctly 
weaker than those of their mother, II-2, 
who is presumably a normal Jk@Jk®. (For 
example, against titrations of one anti-]k@ 
the three sibs scored 24, 21 and 21 while 
their mother scored 35). This clear-cut 
dosage effect was shown also by later sam- 
ples from the proposita and her mother. 

Most of the available anti-Jk® sera were 
not as good as the anti-Jk* in making a 
dosage distinction. However, when dupli- 
cate samples from II-1 and from comparable 
controls were sent to Milwaukee and to 
London, quantitative tests strongly sug- 
gested that II-1 does not possess two normal 


Taste 1. The Groups of the Cr. Family 


MNSs Py Rh 


Ns/Ns 
Ns/Ns 
MN.Ss 
MN.Ss 
Ns/Ns 
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MS/Ns + Ror 


Iti ttit+ i+ +1 1 


Antisera used: anti-A, -A,, -B, -A+B, -H; anti-M, -N, -S, -s; 
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anti-P,; anti-D, -C, -c, -Cw, -F, 


-e; anti-Lu@, -Lu>; anti-K, -k; anti-Le®, -Le>; anti-Fy#, -Fy>; anti-Jka, -Jk». 

The cells of the proposita, III-1, were positive with anti-H (from an Oh person), -Ss (-U), -P 
(from a P person), -P+P,+P (from a p person), -Kp», -[k@Jk® (from a Jk (a—b—) person), 
-Yt, -Vel, -I, -Ge and with two unpublished “public” antibodies. They were negative with 
anti-Mi®, -Vw, -Vr, -M8, -V, -VS, -Kp@, -Di@, -Js*, -Levay, -Wra, -Swa, -Bea, -By, -Rm, -Good 


and with several unpublished “private” antibodies. 


The saliva of three members was tested: II-1 and II-2 secrete A and H, III-1 secretes H; in all 


three salivas Le* and Le» are present. 
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The Lutheran and Kidd phenotypes of the family Cr. The minus or plus signs of 


the upper rows represent the reactions with anti-Lu* and anti-Lu®: those of the lower rows 


with anti-Jk* and anti-Jk®. Arrow — proposita. 


Jk» genes. Milwaukee scores: II-1, Jk (a— 
b+), 31; control, Jk (a—b+), 45; control 
Jk (a+b-+), 21. London scores, with a dif- 
ferent anti-Jk® serum: 32, 42 and 20 
respectively.) 


Other tests 

The cells of III-l were tested with all 
available “private” antibodies but negative 
results showed that none of the sera had 
antibodies for any “new” Lutheran or Kidd 
antigens the cells might contain. The cells 
of III-1 were also tested with all available 
“public” antibodies but positive results 
showed that none of the sera contained the 
theoretically possible anti-Lu@Lu». A list 
of these antisera is given in te footnote 
to Table 1. 

No unusual antibodies could be found, 
by saline or anti-globulin tests, in the sera 
of II-1, 11-2, I1I-1, I1I-2 or III-4: none of 
these people had been transfused. 

The proposita is a secretor of H. Her 
saliva also contains Le® and Le»; it does 
not inhibit anti-Lu@ or anti-Lu>. 


Discussion 
The occurrence of two rare groups in one 
family suggests that there is some associa- 


tion between them, and this will be lis. 
cussed after separate comments on the ‘wo 
originalities. 


The Lutheran groups 


Explanations other 
minus-minus phenotypes have had in com- 
mon the supposition that the conditions 
ieflect a homozygous genetical background. 
For example the Oh (Bombay) phenotype 
is believed to correspond to the homozygous 
absence of a gene X which is responsible 
for the production of H substance from a 
basic mucopolysaccharide. Other examples 
are the phenotypes S—s—, Fy (a—b—) and 
Jk (a—b—) which are thought to be due to 
the homozygous presence of third alleles, 
or to the homozygous absence of some nec- 
essary modifying gene. 

But no such homozygous background can 
lightly be proposed for the Lu (a—b-) 
phenotype of the Cr. family. In the state. 
ment and treatment of the following prob- 
lem we are grateful for help received from 
Dr. F. H. Allen, Jr. Suppose Lu (a—b-—) 
be a recessive character, then the proposita, 
III-1, being what she is, would require II-! 
and [1-2 to be carriers and this would fur 
ther require one of the parents in geneta- 


proposed for all 





The 
men 
sult 
D 
rarig 
com 
testi 
lates 
ozyg 
into 
wive 
rang 
cord 
the 
is il 
Ss 
that 
in | 
men 
ordi 
of f 
Seve 
gen 
tion 
the 
con 


other 
n com- 
litions 
round. 
notype 
zygous 
msible 
rom a 
imples 
) and 
due to 
illeles, 
le nec- 


id can 
i— b—) 
state- 
prob- 
| from 
—b—) 
posita, 
re II-] 
ds fur- 
eneta- 


Lu (a—b—) AND UNCONVENTIONAL KIDD GROUPS 93] 


tion I, say I-1, to be a carrier. That II-1 is 
homozygous would require 1-2, who was 
no relation of I-1, to be a carrier also: this 
would be the first surprising coincidence. 
But there are two more coincidences: II-7 
and ILI-5, neither of whom are related to 
the family, would both have to be carriers. 


Calculation of how improbable such ob- 
se. vations would be if Lu(a—b—) were 
reilly a recessive condition would be easy 
if the frequency of Lu(a—b—) in Cau- 
casians were known. All that we do know 
is that no example has been found in 
aj propriate tests on nearly 5,000 unrelated 
C:ucasoid people: 

Caucasoids Negroids 


Cutbush and Chanarin (1) 532 
Metaxas, Metaxas-Biihler, 
Dunsford and Hol- 
liinder (5) 124 
Kissmeyer- Nielsen (2) 644 
Greenwalt and Sasaki 


(unpublished) 3,382 286 


The finding of the Cr. proposita was, as 
mentioned above, fortuitous and not a re- 
sult of organized testing of random samples. 


Dr. Allen based his calculations on a 
range of gene frequencies that would be 
compatible with finding no homozygote in 
testing 5,000 people. Thence was calcu- 
lated the probability of finding three heter- 
ozygous Carriers among five people married 
into the family (the other two being the 
wives of II-5 and 11-6). The probabilities 
range from 00008 to 0°00008. Thus, ac- 
cording to these calculations, there is at 
the most, | chance in 1,250 that Lu (a—b—) 
is indeed a recessive condition. 

So, by far the most likely conclusion is 
that the gene responsible exercises its effect 
in single dose and that the Lu (a—b—) 
members of the family have at least one 
ordinary Lutheran gene which, on grounds 
of frequency, we must suppose to be Lu. 
Several possibilities suggest themselves. ‘The 
gene responsible for the Lu (a—b—) condi- 
tion might be an allele of Lutheran; if so 
the allele would have to behave in an un- 
conventional way and prevent its fellow 


allele, presumably Lu>, expressing itself as 
Lu» antigen. If not an allele of Lutheran 
the gene might be closely or loosely linked 
to the Lutheran locus, or completely inde- 
pendent of it. Wherever it is sited the 
gene may be thought of as a suppressor 
gene blocking the synthesis of Lu? sub- 
stance or converting some Lu? precursor 
substance to its own use (if the latter, a 
new antigen might be anticipated) . 


The Kidd groups 


Their offspring show that either II-] or 
II-2 must have an unconventional Kidd 
genotype, and the serological evidence is 
strongly in favor of it being II-1. 

A gene, at present called Jk, has been 
described*; 5 which does not produce an 
antigen capable of reacting with anti-Jk#@ 
or anti-Jk». Such a gene would, if possessed 
by II-1, allow a straightforward fitting of 
genotypes to the Kidd phenotypes of the 
pedigree: IIl-l1 and IV-3 would be Jk»Jk, 
III-1, -2, -4 would be Jk®Jk and IV-1 either 
JkaJk@ or JkaJk. The frequency of the gene 
Jk in Caucasians is unknown; it may be 
as high as one or two per cent. Only tests 
with anti-Jk® and anti-Jk® on 
samples can disclose homozygotes and not 
enough have been done to exclude a fre- 
quency of this order. Heterozygotes, on the 
other hand, can be detected in family 
studies; and a Finnish family has recently 
been tested (in the Blood Group Research 
Unit) in which there are Kidd irregularities 
which can be explained most reasonably 


random 


by assuming the presence of Jk. 

Had only the Kidd system been upset in 
the family we would hardly have felt it 
necessary to look beyond Jk for an explana- 


tion, but as it is, another possibility has to 


be considered. If a modifying gene exist, 
not an allele of Jk® and Jk», able to pre- 
vent the expression of Jk» as an antigen 
in the heterozygote, Jk® Jk», but not in the 
homozygote, Jk»Jk», then genotypes can be 
fitted to the phenotypes. 





CRAWFORD, ET AL. 


Have the two conditions a single cause? 


If the Kidd peculiarity be indeed due to 
the presence in the family of Jk, then Jk 
cannot be the Lutheran inhibitor gene (be- 
cause IV-3 would have Jk but has uninhib- 
ited Lu> antigen and, because the homozy- 
gote JkJk, of Pinkerton, et al., was Lu (a— 
b+)). Again if Jk be indeed responsible 
for the Kidd peculiarity then there is a 
faint hint of linkage between Kidd and 
Lutheran inhibitor gene (four non-cross- 
overs, III-1, -2, -4 and IV-2, to one cross-over, 
.V-3). There is evidence that Kidd is at 
any rate not closely linked either to the 
Lutheran or secretor locus. 

The two conditions can be explained 
most economically as far as genes are 
concerned, but with the expense of some 
imagination, in the following way. The 
Lutheran observations seem to demand a 
gene having the dominant effect of inhibit- 
ing the production of Lu»: this gene may 
or may not be an allele of Lutheran. If 
this gene is to control the Kidd condition 
then it must also be allowed the power to 
inhibit the production of Jk» in the geno- 
type JkaJk® (III-1, -2, -4 and IV-1) but not 
in the genotype Jk>Jk» (II-1 and III-10). 
If a child of III-2 and III-3 were Lu (a— 
b+) and Jk(a+b+) it would lend sup- 


port to the idea that a single gene may be 
behind both the Lutheran and Kidd je. 
culiarities in this family. 
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A Critique of the Theoretical Hazard of 


Inter vs. Intra-Racial Transfusion 


* 


E.oisE R. Gisiett, M.D. 
King County Central Blood Bank, Seattle, Washington 


from the frequencies of the red cell antigens of 
Czucasians and American Negroes, the possibilities 
of antigenic exposure from inter and intra-racial 
tronsfusion of blood were calculated. The figures 
obiained were then modified to take into consider- 
ation the relative potency of the individual antigens 
as well as the behavior of their antibodies. The 
results lend no support to the alleged advantage of 
intra-racial over inter-racial transfusion, since the 
order of magnitude of the antibody stimulation 
risk from all four kinds of transfusion is the same. 
From the standpoint of patient safety, emphasis 
should be placed on the performance of a sensitive 
compatibility test, rather than on a consideration 
of the racial origin of either the donor or the 
recipient. 


In the practice of blood transfusion, it is 
desirable to minimize the chances for a 
given individual to form red cell isoanti- 
bodies because of the hazard associated with 
subsequent transfusion or pregnancy. For- 
tunately, when a sufficiently sensitive sero- 
logical test is performed, such antibodies 
can nearly always be detected. Indeed, the 
low incidence of hemolytic transfusion re- 
actions in areas serviced by adequate labor- 
atory procedures provides excellent testi- 
mony for this statement. Furthermore, the 
general practice of Rh typing both donors 
and recipients effectively reduces the 
chances of isoantibody production, since 
the Rh antigen, D, is by far the most po- 
tent of the antigens outside of the ABO 
system. Except in special cases, further 
matching of blood types is both impractical 
and unnecessary, because of the relative 
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weakness of the remaining antigens and 
limitations in the supply of blood donors. 

Due to the great multiplicity of erythro- 
cyte antigens, it is virtually impossible to 
provide a patient with blood exactly like 
his own. However, there have been spo- 
radic suggestions that in order to minimize 
the likelihood of antibody formation, pa- 
tients should be given blood obtained from 
donors of the same racial group. Even more 
specifically, it has been claimed that blood 
from Negro donors should not be used for 
transfusing Caucasians, and vice versa. 

Isoantibodies can only be formed in re- 
sponse to the introduction of antigens not 
possessed by the patient himself. There- 
fore, the possibility of providing such a 
stimulus is proportional to the number of 
differences in the antigens of donor and 
recipient red cells. From the known fre- 
quencies of the various blood group genes 
in the two populations, one can calculate 
the number of possible antigenic stimuli 
resulting from inter and intra-racial trans- 
fusion. These figures must then be modi- 
fied in order to provide for the variability 
in antigenic potency as well as the behavior 
of their respective antibodies. 

It is the purpose of this paper to present 
the results of such calculations in order to 
substantiate a recent authoritative but un- 
documented statement!” regarding the fal- 
lacy of segregating blood donors on the 
basis of racial origin. 


Calculations and Results 


From previously published data,*: 3.7. % 1! 
the frequencies of the blood group genes of 
two populations — western European and 
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Taste 1. Blood Group Gene Frequencies in Two Populations and the Proportion 
of Each Population Possessing (+-) or Lacking (—) the Corresponding Antigen 


Caucasians 


Frequency + 


279 480 
061 119 
532 781 
A68 717 
327 5A8 
673 893 
540 789 
433 679 
567 S813 
590 832 
155 286 
B45 976 
00? 00? 
039 077 
961 999 
046 090 
954 998 
Le 755 940 
Fya Ald 657 
Fy 586 829 
Jka 5A 764 
Jko A86 736 
Js 000 000 


American Negro—were tabulated, as shown 
in Table 1. Using these figures, the propor- 
tion of each population having either a 
single or double dose of the given allele 
(indicated by a plus sign) and the propor- 
tion lacking it (indicated by a minus sign) 
were calculated. To determine the possi- 
bility of exposure to a given antigen, it was 
only necessary to multiply these two figures, 
representing the donor and recipient popu- 
lation, respectively. A sample calculation 


714 107 .203 


1.000 


Amcrican Negroes 


Frequency + 


520 172 315 


881 114 214 
219 A98 748 
.283 502 752 


452 150 278 


-107 -798 959 
211 836 973 
321 179 326 
187 821 968 
168 443 917 


>= - J 1 ne ‘y = 
io — 1 68 nS me 5 IS OO 


024 893 989 
99? -156 288 


.923 .020 .040 
601 980 999 
910 010 .020 
002 -990 999 


.060 528 177 


343 053 104 


171 122 229 


236 732 928 
264 268 464 
-103 196 


(for the antigen S) is shown in Table 2. 

Paradoxically, the most important anti- 
bodies concerned with transfusion 
tions (i.e., anti-A, anti-B and anti-D) can 
be deleted from further computations, since 
ABO and Rh typing is routinely performed 
on the blood of both donor and recipient. 

As a result of the bias introduced by 
giving Rh negative blood to Rh negative 
recipients, minor changes occur in the ex- 


reac- 


posure probabilities associated with the 


Taste 2. Method of Calculating the Probability of Antigenic Exposure from Inter and 
Intra-Racial Transfusion, Using the Antigen S as an Example 


Incidence of Antigen S: 


Caucasian 
S-positive 548 
S-negative 452 


Negro 
S-positive 
S-negative 


Probability of exposure to S (as a potential antigenic stimulus) when blood is transfused: 


From 


Negro to Negro: 


Caucasian to Caucasian: 
Caucasian to Negro: 
Negro to Caucasian: 


548 x 452 — 248 
548 X .722 = 396 
278 X 452 — .126 
278 X .722 = 201 
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Taste 3. Probability of Exposure to Individual Antigens as the Result 
of Inter and Intra-Racial Transfusions* 
(Excluding Antigens A,B, and D) 


Antigen Cauc. > Cauc. Cauc. >» Negro Negro > Cauc. Negro > Negro 


171 197 164 188 

203 178 213 186 

248 396 126 201 

096 037 103 039 

166 021 205 026 

218 457 105 220 

152 026 18] 031 

204 228 145 162 

023 Ou 024 ll 

000 000 288 205 

071 074 037 038 

001 001 001 001 

082 088 018 020 

002 001 002 001 

Le® or 056 210 047 173 
Fya 225 589 036 093 
Fy» 142 639 039 177 
Jka 180 055 219 067 
Jk» 194 301 122 249 
Js 000 000 196 158 


soe Tee ett & ® 


Total « 100** 243 360 227 225 


* Method of calculation outlined in Table 2. 
** See text for explanation of this figure. 


ble 2. 


other Rh antigens, particularly c and E. 
antl However, since inclusion of these changes 
reac in the data cannot be based on a realistic 


ever, because they fail to take into consider- 
ation the fact that some antigens are much 
more likely to stimulate antibody formation 
than others. Furthermore, some relatively 
common antibodies which are usually re- 
ferred to as “naturally occurring” are rarely 


) can 
since 


blood banking operation, they will not be 
considered further. 


ormed Che data in Table 3 express the indi- 


pient. 


vidual probabilities of antigenic exposure 
when the blood of random donors belong- 
ing to one racial group is transfused into 
random recipients of the same or the alter- 
native race. Multiplied by 100, each figure 
then indicates the number of times one 
would expect to encounter the respective 
antibody in 100 transfused patients, assum- 
ing the antigen to be 100 per cent effective 
in evoking a response. Summation of these 
products, at the base of each column, gives 
an index of potential antigenic exposure. 
With the exception of the Caucasion to 
Negro transfusions, these figures are re- 
markably similar. 

Such data have very little meaning, how- 


responsible for significant red cell destruc- 
tion. Most examples of anti-P, anti-M, anti- 
N, anti-Lu® and anti-Lewis antibodies can 
be included in this category. Finally, poorly 
understood differences in the immunologic 
response of individual patients make it im- 
possible to predict accurately how many ex- 
posures to a given antigen may be necessary 
to stimulate antibody production, or in- 
deed, whether any number of stimuli will 
be effective. 

In order to obtain information concern- 
ing the relative potency of the various 
antigens, data were combined from the 
reports of four different laboratories‘: 5. 6 13 
on the actual number of antibodies encoun- 
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TABLE 4. List of Antibodies (Excluding Anti-D, 
C + Dand D+ E) Reported from Four 


Laboratories*. *. °. ™ 


Anti-K 163 
Anti-Le@ and Le» 162 
Anti-E* 137 
Anti-c 124 
Anti-Fy# 20 
Anti-P 17 
Anti-M 

Anti-C (or Ce) 

Anti-e 

Anti-Jk@ 

Anti-S 

Anti- Jk» 

Anti-s 

Anti-k 

Others* * 


Total 
* The figure for anti-E was partially estimated, 


since one of the reports did not indicate how many 
antibodies occurred in combination with anti-D. 


** Includes anti-V, anti-U, anti-Js¢, and anti-Vw, 
etc. 


tered in large series of patients and donors. 
These are tabulated in Table 4. Excluding 
anti-D, anti-C + D and anti-D 4+ E, 671 
antibodies were detected. By far the most 
common were anti-K, anti-Lewis (i.¢., anti- 


Le* and/or anti-Le>), anti-E and anti-c. 
For reasons given above, anti-Lewis, as well 
as the other low-titered “naturally occur- 
ring” antibodies were not included in the 
remaining calculations. 

Anti-K was most frequently encountered. 
The exact potency of the K antigen is not 


precisely known. However, various data® 
indicate that it might be expected to stimu- 
late anti-K formation in about 5 per cent 
of transfusions involving a K-positive donor 
and K-negative recipient. The potency of 


the other antigens can be compared with 
that of K, by relating the chance of ex.- 
posure to the frequency of the antibody, 

A sample of such a calculation is show n 
in Table 5. Reference to Tables 3 and 4 
indicate that although the probability >f 
exposure to E as an antigenic stimulus is 
nearly 2.5 times as great as exposure to |, 
anti-E antibodies are encountered only } 4 
per cent as often as anti-K. Thus E ¢ n 
be considered to be about one-third js 
potent as K. This figure is multiplied 
.05 to equate it with the estimated effecti 
ness of K, as described in the previo is 
paragraph. 

Similar calculations were performed wi h 
nine other red cell antigens, the resu ‘ts 
being entered in column R of Table 6. The 
product of R times P, which is the prola- 
bility of exposure (from Table 3), gives 
the probability that a given antigen will 
stimulate antibody formation. For example, 
in 100,000 random transfusions of blood 
from one Caucasian to another, one might 
expect that 410 recipients would form 
anti-K antibodies. 

These individual products of R times P 
were then subtracted from one, and _ the 
remainders were multiplied in’ succession 
(to obtain the total probability of non- 
immunization). This cumulative product, 
subtracted from one, is given at the bottom 
of each column in Table 6. It represents 
the probability that a given transfusion will 
result in the production of one or more 
antibodies in the recipient. 


Taste 5. Method of Calculating Relative Antigenic Potency, Using the Antigen E as an Example 


Antibody No. reported* 


Anti-E 137 
Anti-K 163 


* See Table 4. 


Prob. of exposure** 


137 x 082  .05 
x 163 x 204 


Estimated potency 


204 
082 


= 0169 


** See Table 3. Since the population of this country is largely Caucasian, the 
exposure probability for that racial group is used in this calculation. 
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Taste 6. Estimated Potency of 11 Red Cell Antigens and the Probability of Stimulating the 
Formation of Their Antibodies (Individually and Collectively) 
by Inter and Intra-Racial Transfusion 


P* < R (Probability of antibody stimulation) 


Antigen _— Cauc. > Cauc. Cauc.— Negro Negro Cauc. Negro Negro 
K .0500 00410 00440 00090 .00100 
c .0205 00312 00053 .00371 .00064 
E .0169 00345 00385 00245 00274 
k 0150 .00003 -00002 00003 00002 
e 0056 .00013 00006 00013 00006 
Fya .0023 00052 00135 -00008 .00021 
Cc 0011 .00024 00050 00012 00024 
Jka .0007 00013 00004 00015 00005 
S 0004 .00010 00016 .00005 .00008 
ke 0003 00006 00012 00004 00007 
Ss .0003 .00003 00001 .00003 .00001 
C iumulative product of I—P « R 98812 98898 .99232 994188 
] — cumulative product* ** 01188 01102 .00768 00512 
esu ft: 
Th * Values for P (probability of antigenic exposure) were obtained from Table 3. 
rol ** R = relative potency of antigen. See Table 5 for method of computation. 
ce *** 1 — cumulative product — the probability of stimulating one or more of these antibodies as 
gives the result of a transfusion of the kind indicated. 
will 
mple, ‘ . = : : r — 
ail Discussion With these points in mind, it is clear that 
night A comparison of the final calculations @ small, but presently unavoidable, risk of 
form of inter vs. intra-racial transfusion risks an Meo were blood 
indicates that they are all of the same order transfusion. Therefore, proper emphasis 
nes P of magnitude. The slightly greater safety as be placed _ the performance of a 
| the of utilizing Negro over Caucasian donors — S€MSItIve and reliable compatibility om, 
as is probably more apparent than real, since regardless of the racial origin of either the 
nom. the potency of three antigens, V, e* and donor or the recipient. 
a 1, 3, 12. : ; iv i Ne- 
duct. Js found almost exclusively in Ne Acknowledgments 
ttom groes—cannot be evaluated at present. : 
: 5 It is a pleasure to acknowledge the generous 
sents It is doubtful that a single blood trans- assistance provided by Drs. P. L. Mollison, A. E. 
: will fusion is associated with even a one per Mourant, and A. G. Steinberg in the preparation 


of this manuscript. 


more cent risk of red cell isoimmunization. The 
estimates of antigenic potency used in the References 
calculations were based on numerical com- 1. De Natale, A., A. Cahan, J. A. Jack, R. R. Race 
parisons of antibodies stimulated by an un- and R. Sanger: V, a “new” Rh antigen, com- 
known number of transfusions and _preg- mon in Negroes, rare in white people. 
nancies. Thus, the important factors of J.A.M.A. 159: 247, 1955. 
primary US. secondary stimulus, as well as . Giblett, E. R., J. Chase and A. G. Motulsky: 


Studies on anti-V, a recently discovered Rh 


the manner of exposure were not consid- 
I antibody. J. Lab. & Clin. Med. 49: 433, 1957. 


ered. Although the hazards contributed by a ohana 

a eA Giblett, E. R. and J. Chase: Js*, a “new” red 
— examples of naturally Ceres cell antigen found in Negroes; evidence for 
antibodies—particularly anti-Le*—were nec- an eleventh blood group system. Brit. J. 
essarily excluded, their effect on the over- Haemat. 5: 319, 1959. 
all risk must be minor. 4, Giblett, E. R.: Unpublished observations. 





GIBLETT 


Kellner, A.: A new look at the crossmatch. Ob- 
stet. & Gynec. 5: 499, 1955. 

Levine, P., E. Robinson, M. Stroup, R. McGee 
and L. N. Bushnell: A summary of atypical 
antibodies, rare genotypes, and ABO hemo- 
lytic disease encountered in a one year survey. 
Blood. 11: 1097, 1956. 

Miller, E. B., R. E. Rosenfield, P. Vogel, G. 
Haber and N. Gibbel: The Lewis blood fac- 
tors in American Negroes. Am. J. Phys. An- 
throp. 12: 427, 1954. 

Mollison, P. L.: Personal communication. 

Mourant, A. E.: The Distribution of the Human 
Blood Groups. Oxford. Blackwell Scientific 
Publications. 1954. 


10. 


National Academy of Sciences—National Re. 


search Council, Division of Medical Scienc s: 
regarding an 
scientific basis for racial separation of blo sd 
for transfusion. A.A.B.B. Bull. 13: 108, 19: 0, 


Statement 


Race, R. R. and R. Sanger: Blood Groups in 
Man. 3rd ed., Springfield, II. 
Thomas, 1958. 


Charles C 


Sanger, R., J. Noades, P. Tippett, R. R. Rae 
J. A. Jack and C. A. Cunningham: An an i- 
body specific for V and R's. 
171, 1960. 


Nature. 16: 


Vogel, P.: Current problems in blood tra: s- 
fusion. Bull. N. Y. Acad. Med. 30: 657, 19 4, 





inquiry into tie 


D 
ABC 
dete 
and 
cian 
kno 
use 
reac 
anti 

D 
fort 
ABI 
det 
cell 

. 
bod 
the 
of | 
of t 
onl 

tior 
foll 
rec 
age 
cTo: 
ing 
dor 


al Re. 


cienc: s: 


to tie 


f blo id 
3, 190. 


Ups in 
irles C 


- Rae 


Panel Discussion 


The Minor Crossmatch 


THE FIELD of blood transfusion is not unique 
in being blessed with an abundance of un- 
swered and controversial problems. Peri- 
ically we plan to use these pages for pre- 
»iting panel discussions on selected topics by 
thorities who have accepted the editor’s 
i itation “to stick their necks out.” Readers’ 
nments and suggestions will be welcomed. 


To do or not to do a minor crossmatch is a 

ij puted matter and will have to be settled 
ne day. We hope the discussion by our 
nelists will serve to this end. 


The Panel 
Ivor DuUNSFORD 
ELotseE R. GIBLETT ... 
James F. Moun 
B. P. L. Moore .... 
KurRT STERN 


Sheffield 
Seattle 
Buffalo 

.... Toronto 
Chicago 


Do you believe that it is essential to per- 
form a minor crossmatch? 


Dr. Dunsford: No, providing that (a) the 
ABO groups of both donor and patient are 
determined by examination of sera and cells 
and preferably independently by two techni- 
cians, (b) the method employed will detect all 
known sub-groups of A and B, i.e., the routine 
use of O serum and O cells and microscopically 
reading, and (c) the method includes a sensitive 
antibody screening test. 

Dr. Giblett: I believe it is desirable to per- 
form a minor crossmatch as a check on the 
ABO group of the donor and recipient, and to 
detect polyagglutinability of the recipient's red 
cells. 

Dr. Mohn: No. It has been stated that anti- 
bodies in donor plasmas, other than those of 
the ABO system, are an almost unknown cause 
of hemolytic transfusion reactions.! In a survey 
of the medical literature between 1948 and 1955 
only two reports were found of hemolytic reac- 
tions resulting from irregular isoantibodies both 
following transfusion of anti-T antibodies into 
recipients whose erythrocytes exhibited poly- 
agglutinability.2 Many advocates of the minor 
crossmatch utilize it in lieu of routinely carry- 
ing out a serum check of the ABO group of the 
donor. There is no justification for substituting 


this test for a complete determination of ABO 
groups by both cellular and serum properties. 


Dr. Moore: As far as transfusions of homol- 
ogous group are concerned, the compatibility 
test used and recommended by this Service has 
never included a test on the donor serum or 
plasma. To us, the term “minor-match” de- 
notes no more than a check on the donor iso- 
agglutinin titer before certain transfusions of 
heterologous group, because our concept of a 
compatibility test holds that: (1) Detection of 
errors in the donor ABO group is within the 
compass of a good compatibility routine. (Er- 
rors in the recipient’s ABO group will not 
always be detected in this way; but greater 
care in grouping and the use of Cell and Serum 
Tube Tests will minimize the chance of error.) 
(2) Detection of auto-antibodies is the function 
of the auto-agglutinin controls, and when time 
permits, of a direct Coombs’ test on the re- 
cipient’s cells. (3) The detection of irregular 
donor antibodies should have been done at an 
earlier stage. 


2. Have you encountered any instances in 
which the minor crossmatch was instru- 
mental in averting a transfusion accident? 


Dr. Dunsford: No. This question was posed 
to several colleagues in different laboratories 
and although none uses the minor compatibility 
test, they know of no reaction that could have 
been prevented by its use. 

Dr. Giblett: We have encountered two cases 
in which the recipient’s red cells were strongly 
agglutinated by the serum of a large percentage 
of donors. Although it is difficult to be certain 
that such polyagglutinability will result in sig- 
nificant in vivo red cell destruction by anti-T 
antibodies in the donor plasma, one is reluc- 
tant to expose the patient to such a hazard. A 
severe hemolytic episode, apparently due to 
anti-T antibodies in transfused blood, has been 
described in two infants with polyagglutinable 
cells.2 Thus the potentiality of erythrocyte 
damage, even in adults, certainly exists. 

Dr. Mohn: No. The present blood bank or- 
ganization and transfusion service at the uni- 
versity-affiliated general hospital with which I 
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am associated was established in 1941. From 
1942 through 1960 a total of 76,380 pints of 
whole blood has been transfused in this insti- 
tution without employing a minor crossmatch 
in any case. During this period there were no 
transfusion accidents recorded which might 
have been prevented if the minor crossmatch 
had been included as a part of the routine 
pre-transfusion testing procedure. 

Dr. Moore: Our file of reported reactions 
gives no indication that any of them could be 
attributed to the presence of an irregular donor 
antibody. 

Authentic cases of reactions due to donor iso- 
agglutinins are hard to find; we know of none 
apart from several possible cases in infants 
following exchange transfusion with group O 
blood. 


3. If you recommend retaining the minor side 
of the routine crossmatch, outline the man- 
ner in which it is done in your laboratory. 


Dr. Dunsford: It is not recommended. If it 
were, a saline, albumin and antiglobulin tech- 
nic would be advised. Furthermore, if the minor 
compatibility test for blood were recommended, 
then the recommendations would also have to 
apply to plasma transfusions. One advantage 
that could be claimed for performing the minor 
compatibility test by the antiglobulin technic 
is that it would reveal cases of acquired hemo- 
lytic anemia. The number of cases detected in 
this manner would not justify the routine appli- 
cation of an antiglobulin minor compatibility 
test and in any case, surely a patient who has 
an anemia (the cause of which is unknown or 
in doubt), should have as part of the routine 
tests, a direct antiglobulin test before transfu- 
sion is considered. 

Dr. Giblett: Since the donor’s serum has al- 
ready been screened for antibodies, our minor 
crossmatch is designed primarily to demonstrate 
agglutination by anti-A, anti-B and anti-T. 
Therefore, the procedure is carried out on a 
slide at room temperature with a drop of donor 
serum and a drop of serum-suspended recipient 
cells. The mixture is observed microscopically 
after two minutes and again after twenty min- 
utes (avoiding drying-out with a Petri dish 
cover). 

Dr. Mohn: No comment. 


Dr. Moore: Until about six years ago we 
tested serial dilutions of donor serum against 
the recipient’s cells when transfusions of heter- 
ologous group were necessary; the maximum 
acceptable titers by a sedimentation technic 


were 1/128 for adults, 1/16 for infants. Sin 
that time, however, heterologous group tra 
fusions have become infrequent, and we have 
not deemed a “minor-match” (our connotatic; 
necessary for adult recipients. On the rare oc. ; 
sions when such a transfusion is essential, 
seems adequate to match O “hemolysin-fre » 
whole blood (or preferably sedimented ce! s 
for A or B recipients, and A of the same sv! 
group for AB recipients. In the case of infan 
the situation is a little different; here se 
mented or packed cells are ideal, otherwise 
“hemolysin-free” blood with a plasma titer 
less than 1/30 against the infant’s cells at 20 
(sedimentation technic) should be chosen. 


4. It has been suggested that, if the sera of 
donors are screened for the presence of ar 
bodies, the minor crossmatch can safely 
eliminated. Outline your views in regi 
to the merits or drawbacks of this propo 


Dr. Dunsford: All donor bloods should 
routinely screened for antibodies. This achiev:s: 
(a) avoiding the issuing of blood which might 
be potentially dangerous providing the screcn- 
ing test is sufficiently sensitive and the red cells 
used contain all of the major antigens; (b) on 
future donations the collection of the blood 
for diagnostic serum (even comparatively low 
titer antibodies can be used as a diluent for 
the stronger anti-sera); (c) in addition, a 
suitable endorsed blood group card can_ be 
issued and with it a letter to the donor stressing 
the importance of the findings should they ever 
become hospital patients or in the case of 
women of child-bearing age, the importance of 
blood tests in pregnancy. This is a service to 
the donor and to other laboratory staff who may 
have to prepare blood for the donor as a patient 
or her baby at some future date. 


Dr. Giblett: Screening of donor serum does 
not eliminate the possibility of ABO typing 
errors nor does it have any association with the 
detection of aberrant characteristics of the re- 
cipient’s red cells. For this reason, we perform 
both procedures (i.e., minor crossmatch and 
screening of donor serum). 


Dr. Mohn: Routine screening of donor sera 
against test cells containing the essential blood 
group antigens by all of the serologic procedures 
necessary to detect potentially destructive anti- 
bodies can involve a considerable amount of 
additional work and no little expense to a 
blood bank. Only the larger blood banks may 
have their own readily accessible sources of 
standard red cells containing the most impor- 
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tant blood group antigens and only those staffed 
wit. personnel thoroughly trained in blood 
group immunology are usually sufficiently ex- 
per enced in all of the technics required for 
the detection of the various serologic varieties 
of olood group antibodies which may occur in 
the sera of donors. The currently available 
poc ls of red cells from commercial sources may 
not always prove to be satisfactory for this 
puiv0se. The incidence of irregular blood 
gro ip antibodies in the sera of a routine donor 
poj ulation would be one of the important 
ind cations for the need to perform routine 
sacening. A recent survey of large community 
or egional donor centers in this country and 
Grcat Britain brought forth statistics indicating 
an over-all frequency of such antibodies ranging 
froin 0.15 per cent to 0.4 per cent.3 Comments 
were received from two British centers where 
onl: the sera of unselected Rh negative or of 
female Rh negative donors were examinted for 
anti-D antibodies, the rates being 0.57 per 
cent and 2.0 per cent respectively. The latter 
figure was felt by its observer to have been 
an inflated one based on the fact that the 
immunized women detected by the prenatal 
testing service in his blood bank were invited 
to become regular donors. For the smaller hos- 
pital blood bank, therefore, the additional 
technical procedures involved in the detection 
of such antibodies in only a very small segment 
of the donor population is of questionable 
value if their performance interferes with the 
appropriate concentration on the conduct of 
accurate blood group determinations and reli- 
able comprehensive compatibility tests on the 
major side. 


Dr. Moore: It is generally accepted that a 
screening test of donor sera for irregular anti- 
bodies should be done; the point in question 
is where it should be done. In our opinion such 
a test should form an integral part of the 
initial processing, whether the laboratory be 
in a regional center or hospital blood bank. 
Two reasons can be given: firstly, Rh negative 
blood should be labeled as such only when it 
does not contain Rh antibodies; secondly, the 
initial processing of blood should include every 
practicable test and check so that at a later stage 
the technician is free to concentrate upon the 
basic issues of the compatibility test. 

Although most of the antibodies found by 
the screen-test are of no clinical significance, 
and determination of their specificity and titer 
is time-consuming, the occasional discovery of 
high-titer antibody is sufficiently rewarding. 
Many of the antibodies found in this way are 


valuable for other laboratory purposes. 


5. Describe briefly the methods which you 
recommend for routine screening of donor 
sera. 

Dr. Dunsford: As part of the ABO group, one 
volume of the donor’s serum is tested against 
one volume of a 2-5 per cent suspension in saline 
of pooled A cells and pooled B cells (at least 
six to each pool). The cell serum mixtures are 
left for two hours at 18-20C. and then a por- 
tion is transferred to a slide and read micro- 
scopically. Reactions of any degree, which are 
unexpected from the red cell antigens, are an 
indication for further antibody investigations. 

In addition, the sera of all donors are tested 
against papainized pooled O cells—pooled to 
give as many antigens as possible. It is a modi- 
fication of the method described by Stapleton 
and Moore (J. Lab. Clin. Med. 54: 640, 1959). 
All Rhesus negative bloods are further checked 
for anti-Kell by testing the serum against O, rr, 
Kell positive cells in AB serum. The papain 
technic has proved very sensitive. Recently an 
anti-Kb (Cellano)* was detected by this method. 
(Lang, B. and T. Lodge: Vox Sang. To be 
published.) 

Dr. Giblett: A pool of cells obtained from no 
more than four (preferably two or three) indi- 
viduals is selected for the content of antigens, 
and is pre-tested with weak antibodies of known 
specificity. If the purpose of the screen is to 
detect as many antibodies as possible, a saline 
suspension of cells should be incubated with 
the serum at three temperatures (cold, room 
temperature and 37C.) in succession, necessi- 
tating only one tube per serum. Otherwise, 
incubation at 37 C., followed by an antiglobulin 
test, is adequate for detecting most incomplete 
antibodies. An alternative method, which is 
rapid, less expensive, and particularly useful 
for (most) Rh antibodies, utilizes either papain 
(modified by Léws technic) or bromelin. In 
this instance, the enzyme solution is added to 
the serum prior to the addition of the red cells. 
Following incubation at 37 C. for ten to fifteen 
minutes, the tubes are centrifuged and exam- 
ined for red cell agglutination. Some anti- 
bodies evade detection when enzymes are em- 
ployed, but it is doubtful that these can be 
considered hazardous when present in the 
donor’s plasma. 


Dr. Mohn: No comment. 


Dr. Moore: Most of our regional centers use 
trypsinized. or ficinized cells, but at least one 





* See Dunsford, et al.: Vox Sang. 4: 148, 1959.—Ed. 
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prefers a one-stage method employing activated 
papain. The cells used should be DCe/dce and 
DcE/dce—one of which is Le (a+)—mixed in 
equal quantities; the results are read macro- 
scopically after 60 minutes incubation at 37 C. 
If the volume of work was less, the indirect 
antiglobulin method would be used with 
selected cells in order to detect a greater variety 
of antibodies. For cases requiring the use of 
an extracorporeal circulation during surgery, 
the advice of Allen and his colleagues is recom- 
mended.! A pool of fresh, not inactivated, 
serum from 5-6 donors is tested against selected 
cells by the indirect antiglobulin method in 
addition to the enzyme test just mentioned. 
‘The important point in this simplified pro- 
cedure is to ensure that “the amount of any 
individual antibody in the test is what it would 
be if each serum were tested separately.”! 


6. Is there any significant hazard in trans- 
fusing incompatible antibodies in the 
donor’s plasma? 


Dr. Dunsford: Apart from O plasma into not 
group O recipients, the only documented evi- 
dence to suggest transfused antibodies could be 
dangerous is the experimental work of Jen- 
nings and Hindmarsh (Am. J. Clin. Path. 30: 
302, 1958.) 

In addition, we know of a case where a baby 
suffering from hemolytic disease of the newborn 
due to anti-D was inadvertently transfused with 
Rhesus negative blood with anti-D present in 
the plasma. The degree of jaundice was so 
increased that further replacement transfusions 
were necessary. 

Dr. Giblett: I believe that the hazard exists, 
but is small. The recent studies of Mohn and 
his associates! have shown that unusually 
potent anti-D antibodies can cause a severe 
hemolytic process in Rh _ positive recipients. 
However, Rh negative blood is rarely given to 
Rh positive patients, except in the exchange 
transfusion of infants. 

It is possible that other high-potency anti- 
bodies, particularly anti-K, anti-E and anti-c 
may be capable of similar massive destruction 
of recipient red cells which contain the ap- 
propriate antigen. One may reasonably assume 
that this risk is nost applicable to infants and 
small children, whose plasma volume is insuf- 
ficient to dilute the offending antibody. In the 
event that two or more pints of whole blood 
are pooled (e.g. for cardiac surgery), incomplete 
antibodies present in one donor can combine 
with their corresponding antigens from the 
other donor (s), rendering those cells more 


PANEL DISCUSSION 


susceptible to destruction in vivo. Obviously, 
the extent of that destruction is dependent u)on 
such factors as antibody titer, number of vul jer. 
able red cells, size of the pool, etc. 

Dr. Mohn: The results of a study of ex) cri. 
mental transfusion of donor plasmas cont tin- 
ing blood group antibodies into incompat ble 
normal human recipients have recently | cen 
reported.3 In this investigation, each recip ent 
received an entire unit of ACD plasma sele: ted 
from donors with antibody titers greater t ian 
the probable in vivo dilution of a single ‘init 
in a recipient’s total blood volume. These t ins- 
fusions included examples of anti-Rh, an i-K 
and anti-M antibodies of varying titers and ep. 
resentative of different serologic varieties b. sed 
on their in vitro characterization. Althoug!. in 
all volunteers isosensitization of their eryt iro- 
cytes was deliberately created, no clinical 
reactions were encountered and no good evi- 
dence obtained for any significant loss of red 
cell mass. These observations indicated that the 
variety and potency of the warm, incomplete 
blood group isoantibodies investigated had no 
measurable deleterious effect on the circulating 
erythrocytes of the recipients transfused with 
the equivalent of a single unit of whole blood. 
There is no reason to believe that these results 
are not applicable to transfusion therapy of 
ill patients, provided no intrinsic erythrocyte 
defect exists which would be the situation with 
the majority of patients requiring whole blood 
transfusions in any hospital. 

Dr. Moore: If one excludes the obvious dan- 
ger from ABO incompatibility, the principal re- 
maining risk concerns the transfusion of anti-D 
to Rh positive recipients. This subject has been 
studied by Jennings and Hindmarsh5 and by 
Mohn and his colleagues;2;7 Giblett4 has 
briefly reviewed the risks and outlined those 
cases to whom Rh negative blood containing 
anti-Rh should not be given. It would appear 
from this work that a frank hemolytic reaction 
is most unlikely, although a transient hemolytic 
anemia may develop. Other high-titer anti- 
bodies may be presumed to have a_ similar 
effect. 


7. If the minor crossmatch is not used, the 
donor’s pilot sample may be collected in 
ACD solution. Is there any advantage to 
using ACD blood instead of a cloited 
sample? 


Dr. Dunsford: Experimental work carried out 
in these laboratories in 1948 showed beyond 
any doubt that the red cell antigens D, C, E, ¢ 
and Kell were preserved for much longer 
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periods in ACD mixture than when clotted pilot 
tubes are used. This work was prompted by 
the missing of an incompatibility due to anti- 
kel using a clotted pilot tube that was six days 
old. If clotted pilot tubes are used, incompati- 
bili ies can be missed by the most senstitive 
tect nic when the red cells are beyond a certain 
age. This would suggest a time limit on clotted 
sam oles is essential. 

F thermore, with the use of a wide spectrum 
antizlobulin reagent, far more difficulties are 
enc-untered with clotted pilot tubes due to 
colé incomplete anti-H than are found with 
cell: in ACD mixture. 

Dr. Giblett: Red cells suspended in ACD 
slu.ion appear to retain their antigenic prop- 
ertics (especially K, Jk@ and Fy@) longer than 
the cells present in a clot. However, if ACD- 
suspended donor cells are used, they must be 
thoroughly washed before incubating them with 
the patient’s serum, for two reasons: 1. Plasma 
adhering to the cells can form fibrin strands or 
(lots upon exposure to serum. Cells captured 
in the fibrin often appear to be agglutinated. 
2. ACD, like all anticoagulants, is anti-comple- 
mentary. If the recipient’s serum contains an 
incomplete antibody which requires comple- 
ment for its detection by antiglobulin serum, 
inactivation of that complement may make the 
antibody undetectable. 

Dr. Mohn: In December 1959 our routine pre- 
transfusion testing technics were altered to in- 
dude the collection of pilot samples of donor 
blood in ACD solution exclusively for use in 
compatibility testing. This has been accom- 
plished through the use of sealed and numbered 
segments of the plastic donor tube (Fenwal). 
During 1960, 13,100 compatibility tests were 
carried out with donor cells preserved in this 
manner. This has turned out to be a highly 
satisfactory procedure making available donor 
erythrocytes in as excellent condition as those 
in the unit throughout the dating period of 
the blood itself. No longer do we encounter 
those occasionally difficult to interpret cross- 
matching tests with donor bloods very near to 
the twenty-one day expiration date where con- 
siderable hemolysis has occurred in the clotted 
pilot sample and pseudoagglutination or slimy, 
stringing together of the donor cells is observed 
in the test. This procedure has also almost 
eliminated any clerical error in identification of 
the donor samples used in the laboratory in the 
crossmatch since they are integral parts of the 
plastic donor unit itself until removed and bear 
the number of the unit. A single clotted speci- 
men is still obtained only for examining for 
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the absence of serologic evidences for syphilis 
and for performing the routine ABO and Rh 
grouping determinations on the donors. 

Dr. Moore: The pilot tubes used in our Serv- 
ice have always contained ACD. There are two 
important reasons for this choice: (1) Compati- 
bility tests are of limited value if the agglutin- 
ability of the donor cells is impaired. Most 
blood group antigens are still quite effective 
after 14-21 days in ACD, the main exceptions 
being c and P.5 Crawford, Cutbush and Mol- 
lison,3 on the other hand, have shown that after 
even seven days at 4C. the reactions of cells 
from clotted blood may be distinctly, weaker 
than those of fresh cells. (2) If washed cells from 
citrated blood are used in the compatibility 
test, it is then possible to use antiglobulin 
reagents containing potent “anti-complement” 
components without fear of difficulties from 
weak false-positive reactions. 

It seems to me that the need for ACD in pilot 
tubes is a fundamental issue and should take 
precedence over such disputed questions as the 
need for “minor-match.” 


8. Some institutions screen the serum of each 
patient for the presence of antibodies at 
the time of admission in order to uncover 
crossmatching problems in advance. Would 
you favor widespread adoption of this 
procedure? 


Dr. Dunsford: Yes. 
parts—the emergency 
planned case. 

In the emergency admission, a quick screen 
with a pool of cells containing 2s many antigens 
as possible by a sensitive antiglobulin technic 
should be carried out, or at least by an enzyme 
or albumin technic. This enables the technician 
to set up the major compatibility test against 
more donor bloods than those requested in the 
hope of finding sufficient for the immediate 
need. 

In the planned case, the antibody detection 
screen and subsequent identification should be 
routine to enable coordination of the services 
for the supply of special typed blood. This 
planning leads to better feelings between the 
suppliers and users of the blood and enables 
better service to the patient and our colleagues 
in other hospitals (see answer to question 4— 
para. c). In fact, the findings of immune anti- 
bodies may be a contra-indication to further 
transfusions if these can be avoided. 

In our own laboratories a Regional register 
of known immunized patients or would-be 
patients is maintained and is proving invalu- 
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able. Since we also maintain the Regional panel 
of typed donor bloods, it leads to greater 
efficiency. 

Dr. Giblett: The procedure is not possible in 
this area, because all of the typing and compati- 
bility tests are performed in the laboratory of 
one central blood bank. It is our practice to 
screen the patient’s serum at the time of the 
crossmatch, the procedures being carried out in 
parallel. 

There are obvious advantages in having ad- 
vance information about the presence of anti- 
bodies in a patient’s serum. However, it would 
be unfortunate if a negative “screen” were 
considered sufficient reason for omitting a care- 
‘ful crossmatch. Screening technics are not in- 
fallible, and there is always the possibility that 
the recipient has an antibody with a correspond- 
ing antigen not represented in the screening 
cells. 

Dr. Mohn: I do not favor widespread adoption 
of this procedure for most of the reasons given 
for my negative reaction to routine screening 
of donor sera. Again this would require ready 
availability of well preserved individual cells 
or pools of cells containing all of the important 
erythrocyte antigens. To the smaller hospital 
blood bank the time and expense involved in 
carrying this out on a regular basis might be 
prohibitive. This objection could be overcome 
in part by limiting such screening to the sera 
of patients found on admission to have a known 
history of multiple transfusions during a previ- 
ous admission in the same or some other insti- 
tution and likely to be candidates for trans- 
fusion again. This would depend upon accurate 
information of this nature being obtained and 
transmitted promptly to the blood bank well in 
advance of any request for a blood transfusion. 

Dr. Moore: Some years ago those of our 
centers that offer an area crossmatching pro- 
gram were recommended to use an_ indirect 
antiglobulin screen test of the recipient’s serum 
against a mixture of no more than two fresh 
cell-samples containing between them _ the 
antigens S, D, C, E, c, K, Lea, Fya@, and [ka. 
Apart from uncovering a fruitful source of 
interesting antibodies that are bystanders so 
far as the donor antigens are concerned, this 
step was intended to control the possibility that 
certain donor antigens from 14-21 day blood 
might not be effective in detecting a weak anti- 
body in the recipient.6 We also recommended 
that the serum of cases requiring periodic trans- 
fusion should be investigated from time to time 
for irregular antibodies, so that emergency 
transfusions need not be delayed or withheld 
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for lack of compatible blood. I doubt whether 
it would be practicable to perform an antibody 
screen test on all patients at the time of ad nis. 
sion in any but the smallest centers. How -ver 
it is a sound idea to do this test before the 
compatibility routine. I know of | sey:ral 
Canadian hospitals that feel such a course i an 
essential safety factor as well as an invalu ‘ble 
source of antibodies for test purposes. 

Dr. Stern: The minor crossmatch is an 
integral, valuable, and readily performed var 
of pretransfusion tests which serve as safegu irds 
to protect the recipient from some of the } ios 
serious hazards of transfusion therapy. Rea.ons 
that can be adduced in justification of this 
statement can be divided into three catego vies. 
The first, and most important one, conc :rns 
detection of ABO incompatibility. In thi: re. 
spect the minor crossmatch is a check proce:\ure 
analogous to the “reverse” or “confirmation” 
grouping which is generally considered tc be 
essential for determination of the ABO group. 
Accordingly, the minor crossmatch may rc veal 
technical or clerical errors in ABO groups of 
donor and _ prospective recipient that otherwise 
might escape detection. Jennings and Hind. 
marsh? have pointed out that errors in ABO 
group detected only by the minor crossmatch 
represent situations in which the blood selected 
may be considered as “universal donor” or the 
patient as “universal recipient.” However, this 
does not abolish the significance of such errors, 
especially since they may not only affect the 
donor and patient directly involved but, in 
some instances, may be even of more serious 
import for utilization of other units of blood 
or samples of other prospective recipients if 
the error has resulted from confusion of speci- 
mens or similar forms of mistaken identity. 
Furthermore, in some situations blood incom. 
patible on the major as well as on the minor 
side may have been selected erroneously, ¢.g., 
A blood for a B recipient, or vice versa, but the 
major crossmatch may fail to reveal the in- 
compatibility for one or more of the following 
reasons: isoagglutinins in the recipient may be 
of extremely low titer, such as in some patients 
with leukemias or lymphomas,5: 11 hypogamma:- 
globulinemia or agammaglobulinemia;? or, the 
reactivity of the donor’s red cells may be poor 
because of age of the pilot tube, inadequate 
preservation, or presence of a weakly reacting 
subgroup of A. In such instances the in- 
compatibility in the minor crossmatch will alert 
the worker to search for the cause of the un- 
expected agglutination observed and thus use ol 
mismatched blood will be averted. Finally, the 
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minor crossmatch may reveal unusual complica- 
tio: s, such as presence in the donor’s serum of 
ant -A, active at room or even body temperature. 

‘The second reason is based on the obligatory 
nat ‘re of the minor crossmatch in certain 
spe ific situations. If such a need arises as 
em rgency, blood bank workers not attuned to 
the regular performance of the minor cross- 
mat h may be at a serious disadvantage. The 
mo:' common cause for mandatory performance 
of 11e€ minor crossmatch is associated with use 
of universal donors” or transfusion of “uni- 
yer: il recipients” outside of their own ABO 
gro\\ps. Improper selection of blood in these 
situ itions has frequently been followed by dis- 
astr us consequences.®. 7,8 Sometimes an Rh- 
neg itive patient may be transfused with Rh- 
neg itive blood containing Rh antibodies. If it 
cannot be excluded that the patient may have 
received Rh-positive blood within the preceding 
weeks, it is essential that the minor crossmatch 
den onstrate the absence of surviving Rh-posi- 
tive red cells which could react with the trans- 
fused antibody. In general, when it is intended 
to use Rh-negative blood with Rh antibodies 
for presumably Rh-negative patients, it is de- 
sirable to perform a minor crossmatch in order 
to rule out presence in the recipient’s red cells 
of Du, rh’ (C), and rh” (E), all of which might 
interact with the donor’s antibodies. Obviously, 
such minor crossmatch tests must utilize tech- 
nics capable of demonstrating presence of in- 
complete antibodies (antiglobulin or enzyme 
tests). 

The third, and possibly least important, 
reason for doing minor crossmatch tests is 
detection of irregular isoantibodies in the donor 
serum as shown by reactivity with the recipient’s 
red cells. As a matter of course, detection of 
such antibodies critically depends on the tech- 
nic of compatibility tests used; i.e., only with 
the help of antiglobulin and/or enzyme meth- 
ods can one expect to demonstrate incomplete 
antibodies for Kell, Duffy, Kidd and other 
blood factors. A special problem is represented 
by donors with “high-frequency” antibodies. 
While at first glance it might appear as ex- 
tremely unlikely that a donor with anti-Tj@ 
(anti-P + anti-P,) might become a donor for 
a random recipient, such an incident almost 
occurred within the last year, thus proving again 
that blood bank work, just as life in general, 
may be stranger than fiction. Some time ago 
we had the opportunity of studying a family 
with six Tj@-negative siblings. A few months 
later a telephone inquiry was received from a 
small hospital, quite a distance from Chicago, 
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where the father of the Tj@-negative persons 
was scheduled for surgery. One of his sons, 
known to us as Tj@-negative, was thought to be 
a suitable donor for his father since both were 
group O Rh-positive. However, to the sur- 
prise of the laboratory staff, hemolysis was ob- 
served in the minor crossmatch using the fa- 
ther’s red cells and the son’s serum. For ob- 
vious reasons, it was recommended to use 
another donor for the patient. With the in- 
creasing use of hemotherapy and the broadening 
of the donor population, incidence of isoim- 
munization may be expected to rise among 
blood donors, including presence of “high- 
frequency” antibodies. Another situation of 
admittedly exceedingly remote probability is 
that of a recipient with the extremely rare 
factor M8; on the other hand, donors who 
might have the corresponding antibody are not 
at all uncommon.! In this hypothetical situ- 
ation only the minor crossmatch can detect 
the incompatibility. 

Several arguments are offered by proponents 
for elimination of the minor crossmatch. De- 
tection of “minor” incompatibilities is said to 
be unimportant because transfusion of incom- 
patible antibodies is supposedly of little conse- 
quence for the recipient. Apart from the fact 
that many serious, and even some fatal, trans- 
fusion reactions have been recorded as a result 
of use of “dangerous universal donor” blood,®8 
this reasoning can be subjected to additional 
criticism. Experimental studies of Jennings 
and Hindmarsh? and of Culp and Chaplin 
have disclosed evidence for destruction of red 
cells as a result of transfusion of some incom- 
patible antibodies. It is ovbiously impossible 
to predict in each case in advance whether and 
to what extent such effects will be encountered. 
Most importantly, one must not lose sight of 
the fact that the goal of hemotherapy is not 
merely elimination of serious transfusion reac- 
tions, but rather assurance of maximum benefit 
to the patient. This certainly is not accom- 
plished when even a small fraction of the red 
cells of the patient, whose vital functions are 
often already impaired, is subjected to accel- 
erated destruction. 

Neither can this writer agree to the assertion 
that the minor crossmatch adds too much com- 
plexity to blood bank work. Since red cells of 
the recipient and serum of the donor must be 
available for other parts of the pretransfusion 
tests, the preparation of one additional mixture 
cannot be considered to impose a serious burden 
on the technologist. There is also no need for 
appreciably prolonging the time required for 
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completion of the test since the same periods 
of incubation can be used for the major and 
minor crossmatch tests. The fear has also been 
expressed that the minor crossmatch test may 
become a potential source of error because the 
technologist may prepare the wrong mixture 
of serum and red cells or misinterpret the final 
readings. This objection does not appear to 
have much merit since opportunities for similar 
mistakes are present in connection with “direct” 
and “reverse” ABO grouping. A _ technologist 
prone to such sources of confusion should 
probably be best diverted from blood bank 
work to some other less critical activity. 

It is difficult to pinpoint concrete incidents 
.in which the minor crossmatch was instrumental 
in averting transfusion accidents. Jennings and 
Hindmarsh? included in their report the num- 
ber and types of irregular isoantibodies de- 
tected by means of the minor crossmatch test 
at the Mount Sinai Blood Center, Chicago. 
Since then three additional donor antibodies 
were found: an anti-P, with good saline and 
antiglobulin reactivity, and one instance each 
of low-titered anti-rh” (E) and anti-Jk@. None 
of these units of blood was used for recipients 
with the corresponding blood factors.!2 

The technic of the minor crossmatch recom- 
mended!2 parallels that of the major cross- 
match: (a) a 2 per cent suspension in saline 
of the recipient’s red cells is added to the 
donor’s serum and the mixture centrifuged 
immediately; (b) if this step has failed to pro- 
duce agglutination, the mixture is incubated 
for 15 minutes at 37C.; (c) in the absence of 
agglutination after the preceding step, the 
mixture is converted into an antiglobulin test. 
For investigative purposes the cysteine-papain 
crossmatch technic!! has also been used; results 
of this work will be presented as a separate 
report. Whenever blood is used outside of its 
own ABO group, the minor crossmatch test 
proposed by Grove-Rasmussen, et al.,8 is to 
be used. 

It is of considerable advantage and most 
desirable to screen serums of donors for anti- 
bodies. The critical question is that of the 
extent to which such screening should and can 
be done. We have reported on the use of 
pooled papain-treated red cells for such pur- 
poses,10 a method which detects almost all Rh 
and some other types of irregular antibodies. 
It must, however, be kept in mind that in many 
small blood banks screening technics are not 
only difficult to institute but may be also 
insufficiently reliable because of lack of ade- 
quate facilities and experienced personnel. 


Under such conditions I would strongly ol ject 
to replacement of the minor crossmatch by 
screening tests of the donors’ serums. Obvicus| 
there is also the inherent danger that uch 
reasoning may be applied with seemingly e€ jual 
justification to screening of the patients’ se: ims 
as a step permitting elimination of the m ijo) 
crossmatch. 

Opinions on the hazards associated with the 
transfusion of incompatible antibodies | aye 
been expressed in preceding parts of ‘his 
discussion. 

Collection of donor’s pilot sample in . CD 
solution does not seem to me to be predic ted 
on elimination of the minor crossmatch. Sc um 
of the donor is still needed for antibody sci :en- 
ing and for most methods of serologic te: ing 
for syphilis. If sufficient evidence is avail ible 
for better preservation of reactivity of h: mo. 
antigens in ACD than in clotted blood, it would 
appear desirable to collect both types of sam ples 
of donor blood. 

Screening of the serums of prospective re. 
cipients of blood transfusions for presenc: o| 
irregular isoantibodies is most desirable A 
method, such as that of pooled papain-treated 
red cells,!9 appears to be simple enough to be 
included in routine pretransfusion tests. In 
addition to detection of Rh antibodies, this 
method also readily establishes presence of 
autoantibodies and thus provides information 
of considerable importance for elimination of 
technical sources of error in selection of blood 
as well as valuable guides for the clinical man- 
agement of the patient. 


Editor’s Comment 


The panelists’ opinions concerning the neces: 
sity for performing the minor crossmatch var 
from an unqualified “No” to a flat “Yes.” The 
decision to retain or to drop this portion of 
the crossmatch will have to be made on an 
individual basis. Its major function seems to be 
to detect errors in ABO grouping. If the pa- 
tient’s and donor’s blood groups are performed 
properly, then the minor crossmatch is con- 
sidered of minor importance by the majority 
of the panelists. Dr. Giblett retains it as a 
simple slide test “to demonstrate agglutination 
by anti-A, anti-B and anti-T, since the donor's 
serum has already been screened for antibodies.” 
Instances in which donor’s antibodies have 
caused overt reactions appear to be difficult to 
find. The merits of screening patient’s and 
donor’s sera for antibodies are generally ac- 
cepted but not deemed universally feasible. 
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PANEL DISCUSSION 


ACD donor pilot sample is favored over 
usual clotted specimen. 

yu may be right or wrong in doing or not 
ig the minor crossmatch. The answer de- 
ls on what else you are doing and how well 
do it. 
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Hemolytic Disease of the Newborn 


Apparently Caused by Anti-Lu?* 


Betty J. Francis, M.T. (ASCP) BB., Davin E. Hatcuer, B.S., M.T. (ASCP) 


St. Joseph’s Hospital, Houston, Texas 


Report of the first example of pure anti-Lu* 
associated with hemolytic disease of the newborn. 
Of special interest is the fact that this serum dem- 
onstrated a marked prozone reaction in saline, 
papain and indirect Coombs titrations, and is the 
first anti-Lu* serum to react well by the indirect 
Coombs technic. 


Anti-Lu@, and the Lutheran Blood Group 
System which it defines, was first reported by 
Callender, Race and Paykoc in 1945.2 Race 
and Sanger state that none of the 13 examples 
of the antibody known to them have been re- 
sponsible for transfusion reactions or for hemo- 
lytic disease of the newborn. They further 
state that anti-Lu@ has not been reported as 
an incomplete antibody. 

It is possible that cases of anti-Lu® associated 
with hemolytic disease of the newborn could 
have been recognized if the practice of examin- 
ing cord bloods from all deliveries by the 
direct Coombs test were generally adopted. This 
routine, however, is only practiced in a few 
hospitals. Early in 1959, this test was initiated 
as a routine procedure at St. Joseph’s Hospital, 
Houston, Texas.3 Although Stratton and Ren- 
tons describe a suspected case of hemolytic 
disease of the newborn due to anti-E and 
anti-Lu@, the two cases detected by this pro- 
cedure and herein described are, to the best 
of our knowledge, the first association of a 
pure anti-Lu® with hemolytic disease of the 


newborn, as well as being the first example of 
the antibody which reacts well by the indirect 
Coombs technic. 


Case Reports 

First Hospital Admission: In April 1959, a two 
plus reaction was detected on a cord blood obtained 
following the sixth delivery of Mrs. Sc., a 29-year- 
old white woman. The infant exhibited no clinical 
evidence of hemolytic disease. On discharge, four 
days later, the direct Coombs test on the infant's 
cells still gave a two plus reaction. The mother, 
Mrs. Sc., had no history of blood transfusion, nor 
had there been any reported difficulty in connec- 
tion with the delivery of any of the previous five 
children, despite the fact that three of these chil- 
dren were Lu® positive. 

Both Mrs. Sc. and the infant belonged to group 
B. Mrs. Sc.’s serum gave a strong positive reaction 
with her husband’s group O cells and also with 
the infant’s cells, after these had been eluted free 
of the coating antibody using the heat elution 
technic of Landsteiner and Miller as described in 
the report of the first 2,000 cord blood specimens 
of the present series.’ The eluate from the infant's 
cells also gave positive reactions when tested against 
the father’s cells. 

Blood: samples from Mrs. Sc., from her husband 
and from the infant were sent to the Knickerbocker 
Foundation, Inc., New York, for further investiga- 
tion. Mrs. Sc.’s antibody was tentatively identified 
by them as a pure anti-Lua The blood samples 
were forwarded to the Lister Institute in London 
where Drs. Race and Sanger confirmed the identi- 
fication of anti-Lu:. 
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HEMOLYTIC DISEASE CAUSED BY ANTI-Lué 


Taste 1. Anti-Lua Titrations—Four Months After Delivery of Sixth Infant 


i: : = 2 A 


Saline Immediate Spin 0 
4C, 0 
22 C. 0 

37 C. 
Indirect Coombs 


1+ 34 0 

14+ 34 3+ 
14- 34 84 
14 24 34 34 
2+ 34 34 44 
Papain* O0O+ 14 2+ 


—_—_ 


16 32 64 128 256 512 


1,024 2,048 


0 
1+ 


2+ 
44 oh 
2+ 


*D lutions in AB serum + one volume of papain solution + one volume of 5 per cent red cells 


in saline—read after 1.5 hours at 37 C. 


Scond Hospital Admission: In October, 1960, 
Mrs. Sc. was admitted to St. Joseph’s Hospital for 
the delivery of her seventh child. A weak positive 
direct Coombs test was obtained on the cord blood 
cells. An eluate prepared from these cells reacted 
strongly with the father’s cells and with one other 
sample of known Lu (a+b-) cells. The eluate did 
not react with any of the other 15 selected Lu (a— 
b+) test cells. Serum from the cord blood did not 
contain any demonstrable free anti-Lu’. The infant 
showed no clinical evidence of hemolytic disease. 
The bilirubin level of the cord blood was 2.1 mgs. 
per cent. It rose to a peak of 9 mgs. per cent on the 
fourth day and returned to a level of 1.0 mgs. per 
cent on the fourteenth day. The hematologic find- 
ings were within the normal range. The infant's 
direct Coombs test was still positive when last tested 
on the fourteenth day. 


Family Lutheran Typings 


Through the generous gift of anti-Lu@ and 
anti-Lub sera from Dr. Fred H. Allen,* we 
were able to type the Sc. family for the Lu- 
theran system. The results of these typings are 
shown in Figure 1. 


Characteristics of the Antibody 


Mrs. Sc.’s serum drawn shortly after the 1959 
delivery gave weak reactions to Lu (a+b-) 
cells and titrations were not done at that time. 
Four months later a sample was obtained and 
the titer was determined. The results are shown 
in Table 1. 


* Associate Director, The Blood Grouping Lab- 
oratory, Boston, Mass. 


A marked prozone was observed in the saline, 
papain and indirect Coombs titrations. In 
retrospect, the weak reactions of the first speci- 
men of serum may have been due to this 
prozone reaction. The anti-Lu@ characteristic 
“small clumps in a field containing a large 
number of free cells” was not observed except 
in those high dilutions giving weak reactions. 
Titers were performed vs. Lu(a+b-) cells. 
Lu (a+b—) cells were not available and hence 
no dosage effect determinations could be made. 

Results of titrations performed prior to the 
seventh delivery are given in Table 2. These 
titrations were also obtained vs. Lu (a+-b--) test 
cells. The prozone reaction, observed in the 
earlier titrations, was not demonstrated in these 
titrations, nor was the antibody reactive except 
in those procedures employing indirect Coombs 
technics. 


Discussion 


This report of a case of hemolytic disease of 
the newborn due to pure anti-Lu@ detected by 
the direct Coombs test on cord blood provides 
further evidence for the desirability of includ- 
ing this test as a part of the routine procedure 
for every delivery. The finding of a positive 
direct Coombs test on cord blood cells is suffi- 
cient to make the diagnosis of hemolytic disease 
of the newborn, regardless of the clinical sever- 
ity of the disease.1 

In spite of the fact that Mrs. Sc. had an 
antenatal antibody titer of 1:4,000, her seventh 
infant’s cord blood cells gave only a weakly 
positive direct Coombs test. This could be due 


TABLE 2. Anti-Lua Titers During Seventh Pregnancy 


Anti-Lua (1960) May 


Indirect Coombs 1:1,024 


* Titer at time of delivery. 


June July Aug. 


1:2,048 


Sept. Oct.* 


1:2,048 1:4,096 1:4,096 1:4,096 





FRANCIS AND HATCHER 


a: 


Black= Lu(a+b+) 


White= Lu(a-b+) 


Fic. 1. Sc. Family Lutheran Typings. 


to blockage of transplacental antibody migra- 
tion, decreased potency of the Lu@ antigen (i.e. 
fewer reactive sites) on fetal red cells, or an 
excess of antibody coating those red cells. In 
the later instance, the antibody becomes the 
antigen in the antiglobulin test, so the inhibi- 
tion of agglutination is actually due to antigen 
excess. This would at the same time explain the 
prozones seen on titrating the antibody with 
adult Lu (a+) cells. 

Although it is possible that more cases of 
hemolytic disease of the newborn caused by 
anti-Lu@ could have been recognized by the 
routine performance of the direct Coombs test 
on cord blood, it seems that these cases would 
still be very rare. The example cited by this 
report is the only one recognized in the 7,500 
cord blood specimens examined by this pro- 
cedure at St. Joseph’s Hospital since 1959. 
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Book Reviews 


Advances in Blood Grouping. Alexander S. 
Wiener. New York, Grune & Stratton, 
1961, 548 pp. $11. 


In 1954, Rh-Hr Blood Types, a volume of 84 
of his reprints was collected by the author; it 
is currently out of print. Advances in Blood 
Grouping is an additional collection of Dr. 
Wiener’s papers, most of which were published 
between 1953 and 1959. The papers have been 
reprinted from 30 journals and are arranged 
under 14 general headings. 


The title is somewhat of a misnomer in that 
the author’s writings, though extensive, have 
covered only those fields of blood grouping in 
which he has an interest. This is not a general 
summary of recent additions to knowledge of 
the field. 


It seems likely that few workers in blood 
grouping could have read all these papers in 
the original. Consequently their being brought 
together will prove helpful, especially, as the 
author says, to new workers. Those who wish 
to understand Dr. Wiener’s concepts of blood 
group inheritance and nomenclature will find 
this review of particular value. 

Although Dr. Wiener is apparently preoccu- 


pied much of his time with Rh-Hr and C-D-E 
contrasts, these reprints will illustrate the wide 
range of his interests. There are papers on 
gamma globulin, blood groups and disease, 
erythroblastosis fetalis, newly discovered Rh 
factors and autoantibodies among others. On 
these latter subjects, the imaginative turn of 
his mind and the careful technics employed in 
his serologic work are well illustrated. Without 
doubt Dr. Wiener is one of the giants in his 
field, and reading this latest volume will prove 
to be a rewarding experience.—John B. Ross. 


Bleeding Syndromes. A Clinical Manual. Oscar 
D. Ratnoff. Springfield, Ill. Charles C 
Thomas, 1960, 287 pp., 7 tables, $8.50. 

In recent years a small number of mono- 

graphs on the hemorrhagic diatheses have been 
published. At least three come to mind and 
each has proved useful as a reference source. 
Hemorrhagic diseases are sufficiently puzzling 
that many points remain obscure to all but a 
few workers and it is frequently necessary to 
refresh one’s memory. While these three refer- 
ences were written for physicians, it is likely 
that they have found their greatest audience 
among workers in the hematologic fields. 
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Bleeding Syndromes is different from other 
monographs in that it was written for the clini- 
cian who wishes to understand the subject with- 
out being exposed to a mass of information. 
The author's bibliography is extensive enough 
for anyone (800 references) but only a few 
selected ones are placed after each chapter. The 
first chapter of ten pages is devoted to the physi- 
ology of hemostasis. The second chapter of 
about 15 pages describes briefly the most impor- 
tant diagnostic features and the most common 
laboratory tests. The remaining 200 pages are 
devoted to descriptions of the known hemor- 
rhagic syndromes. The number of syndromes is 
growing each year, and, as far as the reviewer 
can tell, Dr. Ratnoff has omitted none of them. 

For the most part the author has chosen to 
discuss each subject in such a way that the 
attending physician will have a clear under- 
standing of the nature of his patient’s disease, 
what tests may prove useful, what therapeutic 
agents are available and what each may accom- 
plish. The author has, by a careful choice of 
material, omitted such things as historical data, 
discussions of nomenclature and the use of 
uncommon tests. Easy readability has been 
accomplished in large part by the author’s facile 
use of the English language. He manages to 
put a great deal of information into a relatively 
small number of words. 


As hematologic texts go, this is one of the 
shortest and most readable. It encompasses 
enough material that it may be used as a text- 
book by students and house officers. For prac- 
ticing physicians, 7.e., internists, pediatricians, 
surgeons, general practitioners, etc., it will 
prove of inestimable value.—John B. Ross. 


Observations on ABO Incompatibility Between 
Mother and Infant. G. C. Robinson, 
H. G. Dunn and L. C. Wong. Suppl. 1:0, 
Acta Paediatrica, February 1960, 86 jp. 


THIS MONOGRAPH deals largely with the por- 
sonal observations of the authors based upon 
serological studies of 109 male and 63 fem le 
random group O blood donors; 154 group O 
prenatal women and their infants; and 37 ad li- 
tional infants referred by others for stucy. 
Anti-A hemolysins were found in over 40 | er 
cent of the random donors and in approxi- 
mately 75 per cent of the prenatal samples «e- 
gardless of whether the pregnancy turned cut 
to be homospecific or heterospecific. The «u- 
thors feel that the presence of hemolytic foi ms 
of anti-A or anti-B antibodies is not a use ul 
diagnostic test. Eight cases of hemolytic dise ise 
were detected in the offspring of the 154 rin- 
dom group O mothers mated with fathers of 
unknown ABO groups—an incidence of 5.1 per 
cent or 2.2 per cent of all pregnancies. In the 
37 cases of overt hemolytic disease the direct 
antiglobulin test was positive in 13 of 35 tesied 
with “commercial serum” but 24 of 27 tesied 
were found positive with “native absorbed anti- 
globulin serum.” The red cells were only 
washed twice in saline. Twelve of these 37 
selected cases were treated with replacement 
transfusions. Diagnostic criteria are given. 

While this publication cannot be considered 
a complete or even up-to-date presentation of 
the subject, it is recommended to those who 
have not kept up with the literature. It supplies 
a sound basic background for an understanding 
of this form of hemolytic disease of the new- 
born.—T. J. Greenwalt. 


Abstracts 


Storage and Transfusion 


The Use of Glycerolized Frozen Blood in Vas- 
cular Surgery and Extracorporeal Circu- 
lation. T. G. O’Brien, L. L. Haynes, 
A. C. Hering, J. L. Tullis and E. Wat- 
kins, Jr., U.S. Naval Hosp., Chelsea, 
Massachusetts. Surgery. 49: 109, 1961. 


THIS PAPER illustrates technics in which red 
blood cells are glycerolized in the Cohn frac- 
tionator before freezing and subsequently de- 
glycerolized. The thawed blood was compared 


with fresh blood by a variety of analytical 
procedures, and no significant differences were 
detected. 

Detailed case reports are given of patients 
who received large volumes of thawed red cells 
suspended in albumin solution or in their own 
heparinized plasma, the latter being used for 
open heart surgery in some cases. The authors 
were impressed by the lack of abnormal bleed- 
ing and the general maintenance of platelet 
counts above 100,000 per cu. mm. Plasma hemo- 
globin levels of the patients subjected to open 
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heart surgery rose as high as 300 mgm. per 100 
m!. and some postoperative renal impairment 
occurred. The authors claim similar findings 
with fresh, heparinized blood, though plasma 
hemoglobin levels in that range seem greater 
thin most current groups experience. 

Use of frozen blood for open heart surgery 
ha; the advantage that compatible donations 
cai be selected at leisure and frozen at any 
pcint prior to operation. All have to be de- 
gl cerolized at once, however; and the authors 
found it advisable to thaw half of the units the 
dsy before surgery.—H. A. P. 


Do uble-Helical Reservoir Heart-Lung Machine. 
N. Zuhdi, B. McCollough, J. Carey and 
A. Greer. Mercy Hospital, Oklahoma 
City, Oklahoma. Arch. Surg. 82: 320, 
1961. 

[HE authors describe a technic whereby a 
simple bubble-type oxygenator is primed only 
with 5 per cent glucose in water before surgery. 
No heparinized donor blood is used. Blood 
lost during surgery is replaced by ACD bank 
blood stored up to five days. Low flows through 
the pump-oxygenator are made possible by the 
use of hypothermia.—H. A. P. 


Influence of Glucose and Nucleoside Metab- 
olism on Viability of Erythrocytes Dur- 
ing Storage. G. R. Bartlett, Scripps 
Clinic, La Jolla, California. Arch. Int. 
Med. 106: 889, 1960. 


AFTER a brief summary of various approaches 
used to investigate extension of the storage 
period of blood for transfusion, the author 
presents an excellent analysis of studies which 
have endeavored to normalize the metabolism 
of stored red cells by the addition of nucleo- 
sides. The ability of nucleosides to restore the 
level of high energy phosphate compounds and 
increase the per cent of viable red cells is 
unquestionable. Variation in reported results, 
lack of knowledge of the precise mechanism of 
the storage lesion and optimum conditions for 
nucleoside supplementation require further in- 
vestigation before the technic can be recom- 
mended for routine blood bank use.—H. A. P. 


Serological Difference Between Old and Young 
Cells. F. Stratton, P. H. Renton and 
V. I. Rawlingson, Regional Transfusion 
Service, Manchester 1, England. Lancet. 

1: 1388, 1960. 
SERUM from a 71-year-old woman with Hodg- 
kin’s disease reacted with cells of all types to 
an equal degree. The reaction was stronger the 


longer the test cells had been stored. Red cells 
reacted more strongly if they had been glycero- 
lized and frozen, or if they had been heated to 
56C. Aging of red cells in vivo also appeared 
to increase their sensitivity to agglutination by 
this serum. The patient’s own red cells reacted 
similarly but more weakly.—H. A. P. 


Air Pressure to Speed Up Blood Transfusions. 
(Letter to the Journal). W. P. Murphy, 
1101 Beacon St., Brookline 46, Massa- 
chusetts. J.A.M.A. 175: 184, 1961. 


Tue author has given over 3,000 transfusions 
using air pressure in the bottle, without adverse 
reaction or fatality. He believes the key to the 
whole problem is not the technic used, but the 
constant supervision of a qualified transfusion- 
ist. He points out that transfusion by gravity 
without adequate supervision increases the risk 
of fatality if incompatible blood is given. He 
also quotes one case in which severe extravasa- 
tion of blood occurred during an unsupervised 
gravity transfusion.—H. A. P. 


Correspondence. Air Pressure in Blood Trans- 
fusions. W. S. Howland. Memorial Cen- 
ter for Cancer and Allied Diseases, New 
York, New York. J.A.M.A. 174: 160, 1960. 

Tuis letter protests a recent editorial which 
stated that the transfusion of blood under air 
pressure was unnecessary, dangerous, and 
should be prohibited. It states that one or 
more such transfusions a day have been given 
during the past ten years at Memorial Hospital 
for Cancer and Allied Diseases. Countless lives 
have been saved by the procedure and only one 
death from air embolism occurred. A safety 
vent trap bottle of saline solution is interposed 
between the blood bottle and the patient. The 
author of this letter also feels that the adminis- 
tration of calcium is unnecessary during massive 

replacement with citrated blood.—H. A. P. 


Blood Groups and Antibodies 


Modern Blood Group Mythology. A. S. Wiener, 
Office of Chief Medical Examiner, New 
York City, New York. J. Forensic Med. 
7: 166-176, 1960. 

Dr. WIiENER’S paper discusses two aspects of 
blood groups under the headings, “blood groups 
and disease” and “Fisher’s synthesis and little 
d.” On the first subject he says that studies on 
“the association of particular A-B-O blood 
groups and particular diseases—have no ra- 
tionale, and lead only to contradictions and 
fallacies.” Several reasons but no statistical 
data are given for rejecting these associations. 
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On the second matter, Fisher’s linkage theory 
of the inheritance of several common Rh fac- 
tors and his renaming them C, D, E, c, d and e 
are mentioned and criticized. Particular criti- 
cism is directed at the authors of three books 
for citing the premature announcement of the 
discovery of anti-d in support of Fisher's 
synthesis. 

(The reviewer has read a substantial number 
of Dr. Wiener’s papers in recent years. Many 
of them are worthwhile contributions to blood 
group serology in particular and medical prac- 
tice in general. Unfortunately there are others 
that shed more heat than light, and this paper 
belongs in the latter category. In the first place, 
to refute conclusions based on statistical data 
one should use statistical methods. Secondly, 
no one expects every one of his theories 
to stand up without modification or without, 
in many cases, eventually being discarded. Nev- 
ertheless theories have a very useful function 
in pointing out directions in which new knowl- 
edge should be sought. Theories should be 
criticized by fellow workers but the authors 
themselves and their followers should not be 
held up to ridicule.—Ed.)—J. B. R. 


Transfusion Reaction Resulting from Anti- 
Hr”(e) Antibody. Wei-Ping Loh, Meth- 
odist Hospital, Gary, Indiana. Am. J. 
Clin. Path. 35: 111, 1961. 


A gravida IV female, who had had one previ- 
ous transfusion, developed evidences of a mod- 
erately severe transfusion reaction during trans- 
fusion of three pints of blood at the time of 
delivery. Anti-e was identified in the recipient's 
serum. Recheck of the crossmatches with the 
donor bloods revealed very weak incompatibil- 
ity by the Coombs technic, but much stronger 
reactions by the cysteine-papain technic. — 
Ei. 4. P. 


The Relationship of the A and H Antigens 
of Erythrocytes of Sub-Group A,. A. 
Richardson Jones and L. Kaneb, John 
Elliott Blood Bank, Miami, Florida, Vox 
Sang. 6: 110, 1961. 


Tuis is the description of an experiment in 
which it is shown that the treatment of erythro- 
cytes of sub-group A, with anti-A does not 
interfere with the subsequent sensitization of 
these erythrocytes with human anti-H. The 
conclusion drawn from the results is that no 
detectable steric hindrance can be demonstrated 
when these two antibodies are simultaneously 
attached to the same cell and, therefore, the 
antigen site on the cell which reacts with alpha 


is spatially distinct from the antigen site which 
reacts with anti-H. 

The authors present, for comparison, the re- 
sults of previously published experiments which 
show that steric hindrance apparently does exist 
between the antigen sites for anti-A and cross. 
reacting antibody. This paper constitutes a 
further example of the usefulness of the mixod 
erythrocyte agglutination reaction for the stu ly 
of blood group problems.—A. R. J. 


Multiple Antibodies Imitating the Presence of 
a Panagglutinin in the Serum of a /'a. 
tient Suffering from Haemolytic Anaem ia. 
S. Whittingham, R. Jakobowicz and R. 
T. Simmons. Commonwealth  Ser.m 
Lab., Melbourne, Australia. M. J. Aus. 
tralia. 1: 205, 1961. 


A 15-year-old patient, presumed to have luj us 
erythematosus, was found to have acute hemo- 
lytic anemia. Her serum contained what p- 
peared to be a panagglutinin because it aggluti- 
nated all test cells including the patient’s own. 
She had previously received three transfusions 
whose Rh phenotypes were ascertained. By 
appropriate absorptions and elutions, her serum 
was found to contain four antibodies in the 
Rh system, those directed against c, E, CW and 
e (or hr’, rh”, rhw and hr”) factors. The last 
factor was contained in the patient’s own cells 
which were typed as R’R’. The only blood 
that was found compatible with that of the 
patient lacked all of these factors. It was a 
sample of the rare group —D—/—D—.—J. B.R. 


The Isolation and Properties of a Sialomuco- 
polysaccharide Possessing Blood-Group 
Lea Specificity and Virus-Receptor Ac- 
tivity. A Pusztai and W. T. J. Morgan. 
Biochem. J. 78: 135, 1961. 

AN unusual polysaccharide has been isolated 
from ovarian cyst fluid, which has been termed 
sialomucopolysaccharide. This physico-chemi- 
cally homogeneous substance possesses two bio- 
logical activities each associated with a different 
chemical structure. The molecule is blood- 
group Le® specific and also has virus-receptor 
activity. The material contains 18 per cent 
sialic acid in addition to fucose, galactose, galac- 
tosamine, glucosamine and the amino-acids 
usually found in blood group mucoids. ‘The 
sialic acid was readily removed by receptor de- 
stroying enzyme from Vibrio cholerae with 
concomitant loss of the influenza virus inhibit- 
ing activity, but with no effect on the Le@ 
activity. On the other hand, Le® specificity was 
destroyed by an enzyme preparation from 77- 
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chomonas foetus but a significant amount of 
sialic acid and virus inhibitor activity remained 
wih the molecule. 

Che sialomucopolysaccharide precipitates with 
an‘i-pneumococcus XIV horse serum. The ex- 
tert of precipitation is much enhanced after 
re;oval of the sialic acid by receptor destroying 
en-yme.—G. F. S. 


Er vthroblastosis 


A Hitherto Undescribed Phenomenon in ABO 
Haemolytic Disease of the Newborn. 
S. Lewi and T. K. Clarke, National 
Blood Transfusion Centre, Paris, France. 
Lancet. 1: 456, 1960. 


\ new test for the detection of hemolytic 
disease of the newborn due to ABO incompati- 
bility is proposed, based on the sedimentation 
rate of washed cord red blood cells in a poly- 
vinylpyrrolidone solution. Only eight of 835 
AKO incompatible cord cells sedimented rap- 
idiy. All were from type A babies with type O 
mothers, and all had severe clinical hemolytic 
disease. The cells from 25 babies had a mod- 
erately fast sedimentation rate; 17 of these 
babies had deep jaundice. All others had no 
more jaundice than the control group. Cord 
cells from Rh incompatible bloods did not sedi- 
ment fast.—H. A. P. 


Anti-M Antibody as a Cause of Intrauterine 
Death. Report of Two Stillbirths Re- 
sulting from Anti-M Antibody. C. R. 
Macpherson, M. J. Christiansen, W. A. 
Newton, Jr., W. E. Wheeler and E. R. 
Zartman, College of Medicine, Ohio State 
Univ., Columbus, Ohio. Am. J. Clin. 
Path. 35: 31, 1961. 


A mother who was NN had two stillbirths, 
both at five: months of gestation. Iron deposi- 
tion in the liver of the fetuses was consistent 
with hemolytic disease of the newborn. Incom- 
plete studies of the fetal bloods revealed a 
positive direct Coombs in one and type MN 
cells in the other. The immune nature of the 
mother’s anti-M is suggested by its enhance- 
ment by AB serum and by Coombs technic and 
by its high thermal amplitude.—H. 4A. P. 


Proteins 


Cryoglobulinemia: Rationale of Treatment of 
a Case Based on Unusual Properties of 

the Cryoprotein. R. D. Koler, D. A. 
Rigas, A. J. Seaman, B. Pirofsky and E. 

L. Swank. Univ. of Oregon, Portland, 
Oregon. Amer. J. Med. 29: 857, 1960. 

A 48-year-old white male with mucous mem- 
brane bleeding, visual impairment and mild 


anemia was found to have a high concentration 

of a cryoglobulin in his serum; the cryoglobulin 

polymerized to form a gel which interfered with 
the clotting mechanisms, increased the blood 
viscosity, and slowed the peripheral circulation. 

The cryoglobulin was unusual in that it was 

stabilized in vitro and in vivo by basic organic 

amines such as lysine and arginine. Elegant 
coagulation studies prior to and subsequent to 
the removal of the cryoglobulin from the serum 
indicated that polymerization of the cryoglob- 
ulin with fibrinogen, forming a loose gel rather 
than a normal fibrin clot, accounted for the 
clinical and laboratory abnormalities in clot- 
ting. Additional studies disclosed a long turn- 
over time of the cryoglobulin (half-life 19 days) 
and immunological reactivity of the protein 
different from that of normal gamma globulin, 
despite the presence of some antigenic compo- 
nents common to it and normal gamma glob- 
ulin. Removal of the abnormal protein by 
plasmapheresis, resulting in diminution of its 

concentration from 9.5 to 5 gm. per cent, im- 

proved all abnormal clinical and laboratory 

findings.—H. F. 

Structural Units of Human 78 Gamma Glob- 
ulin. E. C. Franklin, N.Y.U. Coll. of 
Med., New York, New York. J. Clin. 
Invest. 39: 1933, 1960. 

Tue treatment of 7S gamma globulin with 
papain, cysteine and EDTA resulted in virtually 
complete conversion of the starting material 
into a major fraction of about 3.58 units and 
small but variable amounts of a heterogenous 
more rapidly sedimenting fraction of 5S to 6S. 
Further chromatographic separation on car- 
boxymethyl or diethylaminoethylcellulose _ re- 
sulted in three major separable fractions with 
a sedimentation constant of about 3.5S and 
molecular weights of 50,000. 

Each of these fractions was antigenically re- 
lated to the native protein. Two of the frac- 
tions (A and C) are closely related to each 
other but differ in electrophoretic mobility. 
More than three-fourths of the antibody activ- 
ity was found in fraction C, with small amounts 
in fraction A. 

The third fraction (B) differed from the 
others electrophoretically and antigenically. 
Most of the carbohydrate was associated with 
this fraction. There was no antibody activity 
in this fraction. 

The role of these structural units is not only 
of theoretic. interest but may prove useful in 
neutralizing noxious antigens without produc- 
ing tissue damagé caused by the interaction of 
antigen with tissue fixed antibody.—d. S. 
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Effects of Long-Term Storage on Human Serum 
Albumin. I. Chromatographic and Ultra- 
centrifugal Aspects. J. S. Finlayson, R. T. 
Suchinsky and A. L. Dayton. National 
Institutes of Health, Bethesda, Maryland. 
J. Clin. Invest. 39: 1837, 1960. 


CoorpiNnaTeED studies by chromatography on 
DEAE cellulose and subsequent ultracentrifuga- 
tion were carried out on commercial human 
albumin preparations stored under various 
conditions for at least five years. Albumins 
prepared from citrated whole plasma and stored 
at 5C. for five years showed only minimal 
differences from fresh albumin samples. How- 
ever, those stored for ten years, those stored at 
$2C. or those prepared from _ ultraviolet- 
irradiated dried plasma demonstrated more 
marked differences from the first sample. These 
latter materials contained components with 
sedimentation coefficients greater than 5.9S, the 
amounts of which increased with increasing 
change of the chromatogram from the normal. 
—A.S. 


Immunology 


Humoral Factors in the Pathogenesis of 
Chronic Pancytopenias and Their Rela- 
tion to Hypersplenism. B. J. Koszewski. 
Creighton Univ. Sch. of Med., Omaha, 
Neb. Acta Haemat. 24: 251, 1960. 

NINE patients with chronic pancytopenia 
were studied for the presence of presently ac- 
cepted etiologic and immunologic factors and 
followed closely for a period of three to five 
years. Except for shortened Cr>! red cell sur- 
vival time, no immunologic factors could be 
detected by the usual laboratory technics. Five 
of the group showed circulating cyto-depressant 
substances when whole blood (5 ml. per kg. 
of recipient body weight) was transfused into 
blood group compatible normal human volun- 
teers. Three of these five patients have been 
splenectomized with uniform failure. The four 
patients without cytopenic factors showed per- 
manent improvement following splenectomy.— 
A.S. 


Studies of an Allergic Antibody Active in the 
Presence of Paraaminosalicylic Acid 
Against Human Erythrocytes, Leuko- 
cytes and Platelets. J. Dausset and Y. 
Bergerot-Blondel. Centre National de 
Transfusion Sanguine, Paris, France. 
Vox Sang. 6: 91, 1961. 

A patient with pulmonary tuberculosis re- 
ceived two courses of intravenous paraamino- 
salicylic acid (PAS) injections. Towards the 


end of each course the injections were accom- 
panied by fever and fainting. Studies on his 
serum revealed an antibody that, in the pres. 
ence of PAS, agglutinated red cells, white cells 
and platelets. The antibody inhibited clot re. 
traction and was thermostable. Compounds 
with chemical structure similar to PAS could 
replace PAS in the in vitro agglutination t sts, 
The authors believe that hemolytic reaction. in 
other patients treated with PAS were not  lue 
to this antibody but were caused by another 
mechanism.—J. B. R 


Difference Between Gamma-Globulins Fixed on 
the Platelets of Patients with Idiopa:hic 
Thrombocytopenic Purpura and of 
Those Suffering from  Dissemini: ted 
Lupus Erythematosus or a Panhaem to. 
cytopenia. J. Dausset, J. Colombani ind 
M. Colin. Centre National de Tr ins. 
fusion Sanguine, Paris XVe, Fra ce. 
Nature. 188: 865, 1960. 


Two different batches of anti-human serum 
were used in Coombs consumption tests with 
platelets from the groups of patients listed in 
the title. With one of the serums, results were 
negative only with platelets from ITP patients. 
With the second serum, positive results occurred 
with platelets from all three disease categories. 
(It would be of interest to know whether the 
antigens used in preparation of the Coombs 
serums were obtained and prepared in identical 
fashions.—Ed.)—H. F. 


Antiglobulin-Positive Hemolytic Anemias. F. F. 
Osgood. Univ. of Oregon Med. Sch., 
Portland, Oregon. Arch. Int. Med. 107: 
313, 1961. 


In this series of 78 patients who developed 
hemolytic anemia, the majority occurred as a 
complication of leukemia. Although the Coombs 
or bromelin tests were usually positive, in some 
cases the tests were negative. The cases how- 
ever appeared to be related and are lumped to- 
gether as “antiglobulin-positive.” 

The most helpful early diagnostic clues were 
a rapid drop in hemoglobin (without hemor- 
rhage) and the presence of autoagglutinins in 
a moist coverslip preparation. When the dis- 
ease occurred in the course of leukemia, the 
prognosis for the primary disease became much 
graver. The principal therapeutic agent was 
the long-term administration of corticoids. 

The author suggests that the positive anti- 
globulin test is due to an abnormal protein, 
produced usually by lymphocytes, that happens 
to coat erythrocytes in much the same way that 
phytoagglutinins do. This has nothing to do 
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with an antigen-antibody reaction. The term 
“suto-immune hemolytic anemia” should be re- 
placed by the term used in the title.—J. B. R. 


“acquired Agammaglobulinemia” with Auto- 
Immune Hemolytic Disease: Graft-Versus- 
Host Reaction? H. Fudenberg and A. 
Solomon. Rockefeller Institute, New York 
City, New York. Vox Sang. 6: 68, 1961. 


[wo patients with severe acquired hypogam- 
mglobulinemia and Coombs-positive auto-im- 
mine hemolytic anemia are reported. In at 
lest the first patient, symptoms of hypogam- 
miglobulinemia antedated the hemolytic 
aremia by many years. Lymphoma was eventu- 
aly found in this patient and has not been 
excluded in the second patient. The clinical 
courses and laboratory studies are evaluated in 
light of Burnet’s hypotheses. The authors con- 
chide that the cells of the lymphoma, arising 
as a result of somatic mutation and hence 
antigenically deficient in relation to the cells 
of the host, may produce antibodies against 
host tissues to which they are exposed, namely 
the circulating erythrocytes. Hence the anti- 
bodies attached to the host red cells are formed 
by the gamma globulin produced by the mutant 
tissue rather than by the patient’s normal tissue. 
In this respect the hemolytic anemia in these 
patients would resemble that produced in 
“homologous disease” noted in animal studies 
of transplantation immunity. Not cited is the 
possibility that normal levels of gamma globulin 
(i.e. of antibody) may aid in eleminating mutant 
cells when they arise; perhaps agammaglobu- 
linemia favors development of such mutant 
“grafts.”—H. F. 


Anaphylactic Reactions in the Skin of the 
Guinea Pig with High and Low Molecu- 
lar Weight Antibodies and Gamma 
Globulins. Z. Ovary, H. Fudenberg and 
H. G. Kunkel, New York Univ. School 
of Med., New York City, New York. J. 
Exper. Med. 112: 953, 1960. 


Tue technic of passive cutaneous anaphylaxis 
(PCA) consists of an intradermal injection of 
an antibody solution into guinea pig skin, fol- 
lowed, after a suitable latent period, by an 
intravenous injection of the corresponding 
antigen mixed with a dye. The authors found 
that 7S anti-B iso-agglutinins were highly ef- 
fective in eliciting PCA reactions, whereas 19S 
anti-B iso-agglutinins failed to do so. Hetero- 
phile antibodies from the sera of patients with 
infectious mononucleosis, demonstrated to be 
entirely of the 19S type, gave negative reactions, 
while 7S heterophile antibodies from a guinea 


pig gave positive reactions following intra- 
venous injection of the antigen (sheep cells). 
Failure of 19S antibodies to elicit PCA reactions 
appears to be due to their inability to be fixed 
to guinea pig tissues.—H. F. 


Miscellaneous 


Leukocyte Antibodies Following Single 
Massive Transfusion of Living Leuko- 
cytes at Cardiac Surgery. R. L. Walford, 
R. E. Anderson and P. Doyle. Univ. of 
Calif. Sch. of Med., Los Angeles, Cali- 
fornia. Vox Sang. 6: 80, 1961. 

Previous studies on leukocyte agglutinins 
have related their presence to multiple stimuli 
from banked blood transfusions and/or preg- 
nancy. In this study young patients operated 
on for congenital heart disease using a heart- 
lung bypass machine were each given a massive 
single transfusion of fresh blood. When their 
serums were tested postoperatively for leukocyte 
agglutinins, one out of ten subjects showed a 
moderately strong agglutinin; in four out of ten, 
the evidence for an agglutinin was considered 
equivocal.—J. B. R. 


Outdated Red Blood Cells from the Blood 
Bank, for Determination of  Anti- 
streptolysin O Titers. Y. E. Crawford, 
R. P. Skinner, W. J. Lind, A. E. Hei- 
mann, D. E. Hutchings and W. T. Stille. 
U.S. Naval Training Center, Great 
Lakes, Illinois. Amer. J. Clin. Path. 35: 
279, 1961. 


In a carefully controlled series of titrations, 
the authors compared antistreptolysin O titers 
using as antigen red blood cells derived from 
the rabbit, as in conventional technics, and 
from outdated human blood donations. The 
results were comparable, and the authors con- 
clude that the latter source may be substituted 
for the former when the former is difficult to 
obtain.—J. B. R. 


A Bacteriologic Survey of a Blood Bank. 
M. Nadeau and N. G. Maxwell, Milwau- 
kee Blood Center, Milwaukee, Wisconsin. 
Am. J. Clin. Path. 35: 36, 1961. 


Tue results of 8,943 cultures of blood and 
blood collection equipment are reported. The 
authors conclude that the donors’ skin and 
circulation did not furnish significant numbers 
of bacteria to contaminate the final product if 
the arm was prepared in a carefully controlled 
manner. The per cent of positive cultures was 
correlated with procedures that permitted the 
entry of non-sterile air.—H. A. P. 
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Legal Problems of Blood Transfusion. Emanuel 
Hayt. Hospitals. 34: 57, 1960. 


Tue author has reviewed the legal problems 
which plague blood banks and transfusion serv- 
ices from the standpoint of hospital liability. 
Furnishing blood for a transfusion should be 
regarded as a service rather than a sale. This 
may offer some protection against legal action 
for breach of implied warranty of fitness for 
use. It is the hospital’s responsibility to main- 


Questions and Answers 


A Reaction Problem 


Q. “A 27-year-old hemophiliac who had had 
many prior transfusions without incident was 
admitted for extraction of teeth. Persistent 
bleeding on the third, fourth and fifth post- 
operative days was countered by whole blood 
transfusions in addition to fresh frozen plasma. 
Bleeding was thus controlled but jaundice and 
hemoglobinuria appeared with onset on the 
seventh day, 48 hours after the last bottle of 
whole blood. The hemoglobin level dropped 
from about 12 G. per cent to 9.7 G. per cent 
during the next six days, slowly returning to 
reach 12 G. per cent in a further seven days 
with clearing of jaundice. 

The patient is Group A, Rh (D) positive 
DCcee. On the second day of the hemolytic 
episode a specimen of his blood was submitted 
to a reference laboratory. No atypical anti- 
bodies were demonstrable by the antiglobulin 
technic but there was reaction with all cells, 
including his own, after treatment with an 
enzyme. At low temperatures the patient’s 
serum would react with his own cells. 

In case antibody had been completely ad- 
sorbed during the hemolytic reaction, a second 
specimen was submitted 14 days later. No 
atypical antibodies were found. Enzyme-treated 
cells, including those of the patient, again re- 
acted, but tests at low temperatures now were 
negative. 

Retesting of the patient’s serum against the 
donors used demonstrated no error in grouping 
and no apparent incompatibility by the anti- 
globulin technic.”—M.D., Montreal, Canada. 

A. “Since this patient was noted to have 
hemoglobinuria, his differential diagnosis should 
include all of the causes of acute intravascular 
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tain adequately trained personnel for adminis. 
tration, processing and crossmatching. Other 
sources of liability are discussed, such as trans. 
mission of viral hepatitis, patient identification, 
crossmatching, injuries to blood donors, ra: ial 
labeling of blood in certain states and admiiiis. 
tration of blood to patients who object to 
receiving blood on the basis of religious beli: fs. 


—L.R.G. 


hemolysis. One must assume that there was 
no history of previous episodes of hemogl«bi- 
nuria or unexplained anemia, and that there 
had been no recent viral infection or exposure 
to a potentially hemolytic drug. Furthermore, 
since the onset of the hemolytic episode ap- 
parently occurred 48 hours after the last trans. 
fusion, it is unlikely that it was caused by the 
presence of potent antibodies in a donor's 
plasma or the activation (by complement or 
properdin) of some intrinsic hemolytic process 
in the patient. Even if these assumptions are 
accepted, one can only tentatively discard such 
diagnoses as paroxysmal cold hemoglobinuria, 
paroxysmal nocturnal hemoglobinuria, drug 
sensitivity (including G.6P.D. deficiency), and 
acquired hemolytic anemia of the warm or 
cold antibody types. 


One is handicapped by the absence of in- 
formation concerning the number of trans. 
fusions given, the results of the direct anti- 
globulin test, the titer of the apparent auto- 
agglutinin and the details of the serologic 
technics employed. For example, if the patient 
received many pints of blood, “his own” cells 
would simply refer to the cell population which 
was not destroyed. Furthermore, if varying 
dilutions of antiglobulin serum were employed. 
and if tests for acid hemolysins, Donath-Land- 
steiner antibodies or (subsequently) for P. N. 
H. in the patient were carried out, these were 
not mentioned. 


If one then makes the rather large assumption 
that the patient had no intrinsic red cell 
metabolic disorder or auto-immune disease, it 
is necessary to speculate that some blood group 
antigen present in at least one (and probably 
two or more) of the transfused units stimulated 
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QUESTIONS AND ANSWERS 


an anamnestic antibody response, resulting in 
the intravascular destruction of red cells: con- 
taining the corresponding antigen. 

jn the author’s experience, such anamnesti- 
cally stimulated antibodies usually cause extra- 
vascular lysis, even if the antigen-antibody com- 
plex fixes complement. However, two recent 
reports4: © describe delayed transfusion reactions 
which may have been associated with hemo- 
globinemia. In both cases, renal failure de- 
veloped. 

Failure to demonstrate a specific isoantibody 
mi:ht be ascribed to one of three causes: (1) 
The red cells were coated with an antibody 
which requires the presence of complement for 
agglutination by antiglobulin serum. The pa- 
tiet’s serum, depleted of complement by the 
hemolytic reaction, was probably not reinforced 
with fresh serum prior to serologic testing. 
Alternatively, the patient’s serum may have be- 
come anticomplementary. (2) Only one dilution 
of antiglobulin serum was employed, so that 
optimal concentration of the appropriate anti- 
globulin antibodies (i.e., anti-7S or anti-19S 
gamma globulin, “anticomplement,” etc.) was 
not achieved. (3) The antibodies responsible 
for the hemolytic episode cannot be demon- 
strated by any of the known serologic technics. 
Such antibodies are known to exist.!, 2, 3,5 
That they may be capable of inducing intra- 
vascular hemolysis after restimulation is not 
beyond reason, although this type of reaction 
must be quite rare. 

The author is aware of three other cases 
similar to the one described by Dr. Harris. 
After intensive investigation, they were assigned 
to the uncertain realm of speculation, from 
which they have not been salvaged.”—Eloise R. 
Giblett, M.D. 
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“Therapeutics” 


Q. “May blood from therapeutic phlebot- 
omies be indiscriminately used for transfusion? 
If not, what are the criteria for the use of such 
blood?”—M.D., Manchester, Connecticut. 


A. “The current standards for establishments 
licensed under the Public Health Service Act 
state that blood from therapeutic bleedings 
can be issued provided the label conspicuously 
indicates the donor’s disease. This allows the 
patient’s physician, the person most qualified, 
to judge whether or not this blood will be safe 
for a particular recipient. 

Although aside from the infectious diseases, 
I know of no other disease transmissible by 
blood transfusion. I also know of but few 
situations in which blood from a_ therapeutic 
phlebotomy offers any advantage over blood 
from a healthy donor. In the absence of any 
specific indication for the use of such blood it 
would be prudent not to use it indiscrimi- 
nately. Certainly, one criterion that should be 
applied is that the expected result of such 
transfusion be at least as good as that which 
would follow transfusion of blood from a nor- 
mal donor. In any case it would be wise to 
look into any non-Federal statutes which might 
apply locally.”—Paul J. Schmidt, M.D. 


“Universal Donor” Transfusion 


Q. “If a patient of group A or B receives 
group O blood in a large quantity because his 
own type is not available, and in the meantime 
his own type becomes available, is it advisable 
to continue with group O blood or may group 
A or B whatever his type be transfused?”— 
Montreal, Canada. 

A. “It is best to follow a rule found useful 
in military practice—after the transfusion of 
four units of “universal donor” blood to the 
adult (scaled down proportionately for chil- 
dren) continue with this until the immediate 
transfusion needs are satisfied. Once the emer- 
gency has been met, it is advisable to follow 
the patient closely to be prepared to either 
continue with group O blood or to revert to 
his group if new transfusion requirements 
should arise. A fairly accurate picture of events 
can be obtained from serial hemoglobin and 
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bilirubin determinations and gross grading of 
differential agglutination and direct antiglob- 
ulin tests. Most valuable in making this de- 
cision are titrations of any free blood group 
antibodies incompatible with the patient’s own 
group. In the presence of these, any develop- 
ing anemia which requires transfusion should 
be treated with packed, or preferably once- 
washed, group O red cells.”—Paul J. Schmidt, 
M.D. 


Crossmatch for Heart Surgery 


Q. “Often blood serum for candidates for 
open-heart surgery is procured at time of car- 
diac catheterization. Sometimes the serum is 
stored in frozen state until the operation is 
scheduled. What is the maximum length of 
time that such sera may be frozen and still be 
used for crossmatch purposes?”—Ph.D., Rich- 
mond, Virginia. 


A. “The freezing of serum for the major 
crossmatch for cases of open-heart surgery is 
probably not to be recommended sinces changes 
in complement and antibody strength will 
occur. In the current issue of TRANSFUSION, 
a paper from Mollison’s laboratories discusses 
changes in complement during freeze-storage 
and ways of overcoming the deterioration of 
complement that occurs during the frozen state. 

Some antibodies may also lose strength dur- 
ing storage, as for example, anti-Kidd. Another 
hazard in freeze-storage of serum may occur 
if the patient is transfused after cardiac cathe- 
terization but before cardiac surgery. There 
seems little to be gained since the patient must 
enter the hospital ultimately for heart surgery 
at which time a fresh specimen of blood repre- 
senting the patient’s current antibodies can be 
secured.”—Mark Falcon Lesses, M.D. 


Refrigerator Controls 


Q. “We are planning to install an alarm and 
constant recording system in the near future. 
We would like to know if you will recommend 
to us the model that you consider the most 
satisfactory.”—M.D., Montgomery, Alabama. 


Correspondence 


To the Editor: 
Bags for Blood, Saline, and Other Liquids 


A FEW MONTHS ago an announcement was 
sent to all hospitals in the New York City 


QUESTIONS AND ANSWERS 


A. “No definite model can be recommended 
to you, although there are several available. 
The requisites of an alarm system should be as 
follows: 

There should be an alarm system which »yil] 
set off an alarm indicating deviations be!ow 
1C. and above 6C. On the high side, the 
alarm should certainly become activated at 
10C. and on the low side, should beccme 
activated at 0C. 

The alarm must be of such a nature, pref- 
erably a combination of buzzer and light, ‘hat 
it cannot be totally shut off until the abnor nal 
temperature has been corrected. Ordinarily ‘his 
can be effected by having a manual contro to 
shut off a buzzer or bell, but a light warnin:. of 
abnormal conditions should be so_prote:ted 
that it cannot be shut off until correction of 
the abnormal condition. 

The alarm should be battery operated unless 
the blood bank refrigerator and the alarm sys. 
tem is serviced from several power stations so 
that failure of the primary power station will 
not inactivate both refrigerator and alarm sys- 
tem. If a battery-operated alarm is utilized, a 
testing button should be installed in such a way 
as to allow daily testing of the adequacy of 
the battery. This type of high-low alarm system 
can be installed by any competent electrician. 
The end of the electrode running from the 
inside of the refrigerator to the alarm should be 
installed in such a way as to be sensitive, but 
not too sensitive, and should be in air, not in 
liquid. Positioning and insulation of the elec- 
trode should permit proper activation of the 
alarm. 

There are many available recording devices. 
These should probably record the approximate 
temperature of the blood so that the electrodes 
should be placed in a container of water at a 
point in the refrigerator representative of the 
average temperature. Thus, an alarm system 
which is set off by warning changes in air tem- 
perature and a recording system which shows 
the actual temperature of the blood, appears 
a most logical combination for a blood bank 
refrigerator.”—Mark Falcon Lesses, M.D. 


Metropolitan area that after July 1, 1961 blood 
for transfusion wil! be provided only in plastic 
bags. It seems surprising that there has been 
no notice in print of the contemplated action, 
and that such a radical step has not aroused any 
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CORRESPONDENCE 


apparent reaction. The thought of handling 
liquids and especially blood in bags is dis- 
pleasing to most individuals, and while many 
complaints have been voiced privately, the ex- 
pected storm of protests has not appeared in 
print. Glass containers for blood are thoroughly 
tricd, and experience with hundreds of millions 
of transfusions has proved such containers to 
be eminently satisfactory. No valid scientific 
evilence has been adduced to justify a change 
to plastic bags. The claim that blood stored in 
suc plastic containers has a longer survival] in 
the recipient’s circulation, has been proved to 
be only a myth. 

‘he convenience of handling liquids in rigid 
containers is a matter of everyone’s daily ex- 
perience. No one would consider drinking milk, 
water, or whiskey from bags. Rigid containers, 
most often but not necessarily made of glass, 
have proved to be the most satisfactory means 
for handling and storing liquids. For blood, 
bottles have proved most convenient; they will 
stand upright without outside support on any 
flat surface, they can be graduated and the 
volume of fluid they contain ascertained at a 
glance, and any necessary gummed labels can 
be easily, rapidly, and securely affixed to glass 
bottles. 

Recently, an item was published describing 
one circumstance where bags as containers for 
liquids may actually be superior. It seems that 
when astronauts at zero gravity attempt to drink 
from an ordinary glass, the liquid hits their 
face or clothes instead of entering the mouth. 
Fluids in a bag, on the other hand, can be 
expressed directly into the mouth and _ swal- 
lowed. However, so long as one has no im- 
mediate plans for space travel, one still prefers 
all one’s liquids including blood in rigid con- 


News and Announcements 


Frozen Blood for Transfusion 


June 17, 1960 the AABB Reference Labora- 
tories Program received the official permit from 
the U.S. Naval Hospital, Chelsea, Massachu- 
setts to use the facilities of their Blood Research 
Laboratory for frozen storage of rare type donor 
blood. 

It was decided to use the limited facilities for 
extremely rare type blood and a request for 
these bloods was published in the AABB Bulle- 
tin, November, 1960. The following bloods 
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tainers, as most earth-bound transfusionists will 
agree. Blood banks were organized in order to 
render a service, and where transfusionists find 
it more convenient to handle blood in bottles, 
blood banks are obligated to satisfy this de- 
mand. Of course, there is nothing to prevent 
blood banks from providing blood in bags also 
for those who prefer such containers.—A. S. 
Wiener, M.D., February 10, 1961. 


March 10, 1961 


The experience of a number of investigators 
has conclusively shown that plastic bags as con- 
tainers for the storage of whole blood provide 
a better preservation of red cells. There is also 
some evidence that, at least for human blood, 
the non-wettable properties of plastic bags 
favor survival of platelets for short periods of 
time. 


The technic of handling plastic bags has 
been solved in many ways and the lightweight 
and lesser space which they occupy offer definite 
advantages. While it is very true that no one 
would consider drinking milk, water or whiskey 
from bags under ordinary conditions, it is 
equally true that blood is ordinarily not drunk 
but transfused. 

The separation of formed elements and _ re- 
moval under sterile conditions is readily ac- 
complished. 

I am not aware of any storm of protests 
voiced, either privately or in print; indeed, the 
announcement that in the future plastic bags 
would be adopted by the Red Cross has been 
received with much satisfaction and favorable 
comments from all people interested in making 
blood transfusion an effective and safe pro- 
cedure.—MAx M. Srrumia, M.D. 


have been received and frozen in the Blood 
Research Laboratory of the Chelsea Naval 
Hospital: 


13 Cellano—negative 
4 Lub—negative 

4 U—negative 

1 Kpb—negative 

1 Vel—negative 

2 Cde/C 

4 “Bombay” 

1 Tj4—negative 





NEWS AND ANNOUNCEMENTS 


The result of the first nine months’ operation 
of this program is very encouraging. However, 
it should be mentioned that the total of 30 units 
which have been frozen up to date have come 
from the following very small number of insti- 
tutions: 


10 units from Mt. Sinai Medical Research 
Foundation, Chicago, IIl. 
units from Blood Grouping Laboratory, 
Boston, Mass. 
units from Blood Bank, Massachusetts 
General Hospital, Boston, Mass. 
units from Minneapolis War Memorial 
Blood Bank, Minneapolis, Minn. 
units from St. Vincent’s Hospital, 
Worcester, Mass. 
unit from Chelsea Naval 
Chelsea, Mass. 
unit from Knickerbocker Blood Bank, 
New York, N. Y. 
unit from Woman's Hospital, Detroit, 
Mich. 
unit from Milwaukee Blood Center, 
Milwaukee, Wisc. 


Hospital, 


We need cooperation from additional insti- 
tutions. If you have rare type donors available 


1 


AABB Workshop held in Long Beach, California, March 28, 1961. 


for the AABB program please obtain informa- 
tion concerning shipping of the blood, etc, 
from the undersigned. 
Morten Grove-Rasmussen, M.D. 
Director, Blood Bank 
Massachusetts General Hospital 
Chairman of the AABB Reference 
Laboratories Committee 


AABB Blood Bank Workshops 


The American Association of Blood Banks 
through its Committee on Workshops, Chair- 
man, J. J. Griffitts, M.D., Co-chairman, Shirley 
Busch, BBSp.(ASCP), conducts laboratory 
classes in blood banking technics. 

A workshop was held March 28-29 in the 
laboratories of the Long Beach State College 
under the direction of Dr. E. R. Jennings, 
Chairman of the Subcommittee on Workshops 
for the Pacific District, with the assistance of 
Miss Dorothy Day of the Irwin Memorial Blood 
Bank. Individual and institutional members of 
the Association, resident in California, were in- 
vited to nominate technologists to participate. 
The class, which was quickly oversubscribed, was 
limited to 30 participants. Miss Corinne Hind- 
marsh did the bulk of the work of organizing 
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the program. Members of the faculty were Drs. 
4. Richardson Jones, E. R. Jennings, P. R. 
Thompson, Miss Hindmarsh, Jane Gruenhagen, 
M.T.(ASCP) BB, Margaret Thompson, M.T. 
(ASCP) BB and Marjorie Sharp, M.T. (ASCP) 
BB. The accompanying picture shows the class- 
rocm in action. 


Certification in Blood Banking 


“It is the purpose of the American Associa- 
tion of Blood Banks to expand the oppor- 
tunities for training and to raise the level of 
tra ning and experience offered to trainees. To 
accomplish these goals, the Committee on Edu- 
cation (Chairman, Frank R. Ellis, M.D.) finds 
it necessary to establish criteria for the approval 
of centers for training in blood banking and 
to provide methods whereby such centers 
shall be regularly reviewed for continuing 
approval.”’* 

Dr. Edward C. McGarry, Chairman, Sub- 
committee on Training, announces that ap- 
proval as training centers in blood banking has 
been granted to the following institutions: 


* Quotation from Section II of “Requirements for 
Certification in Blood Banking,” prepared by Com- 
mittee on Education, American Association of Blood 
Banks with cooperation of The Registry of Medical 
fechnologists of the American Society of Clinical 
Pathologists. This pamphlet may be obtained from 
the Central Office of the AABB. 


University Hospital and Hillman Clinic 
The University of Alabama Medical Center 
Birmingham 3, Alabama 

Stephen D. Palmer, M.D., Director 


Jacksonville Blood Bank, Inc. 
536 West 10th Street 
Jacksonville, Florida 
John B. Ross, M.D., Director 


Wayne State University College of Medicine 
1401 Rivard Street 

Detroit 7, Michigan 

Lawrence Berman, M.D., Director 


Irwin Memorial Blood Bank 

270 Masonic Avenue 

San Francisco 18, California 

Mrs. Bernice M. Hemphill, Managing Director 


University of Virginia Hospital 
Charlottesville, Virginia 
O. B. Bobbitt, M.D., Director 


St. Joseph Hospital 

Linwood Blvd. at Prospect 
Kansas City 28, Missouri 
Russell W. Kerr, M.D., Director 


Wayne County General Hospital 
Eloise, Michigan 
Frank R. Ellis, M.D., Director 


National Research Council Criteria for Blood Transfusion 


THE DEVELOPMENT of blood transfusion has 
been confronted with three major problems: 
the procurement of donors, the complexities of 
the technological aspects, and. the rationale of 
clinical applications. 

The procurement of donors has been taken 
care of in a great variety of ways by hospital 
blood banks, local lay organizations, community 
blood banks, commercial or semi-commercial 
enterprises and by the American Red Cross. 
While a completely satisfactory liaison between 
the various interested groups has not been 
achieved, great progress has been made. 

The technological aspects have reached a 
high level of development, especially in the 
complex field of immunohematology; the safety 
of blood transfusion has received a great deal 
of attention from many sources. The Division 


of Biologics Standards of the National Institutes 
of Health has issued regulations which control 
the quality of the product, whole blood and 
derivatives. The regulations have been directed 
specifically for the institutions which are li- 
censed by the Federal Agency for the purpose 
of interstate traffic of blood and blood deriv- 
atives. As a result of the combined efforts of 
the Scientific Committee of the Joint Blood 
Council, Inc. and the Standards Committee of 
the AABB, “Standards for a Blood Transfu- 
sion Service” have been published which con- 
tain the recommendations of competent workers 
in the field to assure, as much as possible, a 
safe transfusion. 

There remains the last area which may be 
defined as the link between the scientific and 
technological aspects of the transfusion service 
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and the clinical applications. Although in- 
numerable publications have appeared in peri- 
odicals and books concerning the indications 
for transfusion in various disease conditions, it 
is considered that insufficient results have been 
obtained from the efforts to relate the blood 
banking and clinical aspects of transfusion serv- 
ice. As a result, there is inadequate communi- 
cation between blood banks and clinical services 
which is hindering the optimum use of avail- 
able resources of blood and blood derivatives. 

The Subcommittee on Transfusion Problems 
of the National Research Council has under- 
taken the task of preparing, with the collabora- 
tion of a large number of competent workers 
in the field, criteria for the express purpose of 
filling the gap between the blood bank and 
the bedside. 

As yet, the plan is in its initial stages; it is 
hoped that when completed, it may bring about 
a better understanding of the complexities of 
the word “transfusion” and of the absolute 
necessity for better communication between the 
medical personnel of the blood bank and the 
clinician requesting the transfusion.—Max M. 
StrumiA, M.D., Chairman, Subcommittee on 
Transfusion Problems, National Research 
Council. 


State News 

West Virginia—At an organizational meeting 
in Parkersburg on May 7, the new West Virginia 
Association of Blood Banks was formed with 
an initial membership of ten institutions and 
23 individuals. Bylaws were adopted and a 
general program for the ensuing year was out- 
lined. The latter will include a discussion 
session to be held in conjunction with the 
November meeting of the West Virginia Asso- 
ciation of Pathologists, and will have as guest 
speaker Dr. James J. Griffitts of Miami. 

Officers of the newly-formed West Virginia 
Association of Blood Banks are: president, 
Robert A. McDougal, M.D., Parkersburg; 
president-elect, Charles W. Thacker, M.D., 
Parkersburg; and _ secretary-treasurer, Harold 
Klein, Beckley. 

Alabama—The new Alabama State Associa- 
tion of Blood Banks, organized November 12, 
1960, for the stated purpose of education and 
improvement of blood banking within Ala- 
bama, has announced its tentative plans to 
pattern the association after similar organiza- 
tions in other states and to carry out three pri- 
mary functions: (1) to sponsor workshops annu- 
ally; (2) to sponsor teams composed of a path- 
ologist, a hospital administrator and a medical 


technologist to make periodic visits to member 
banks for the purpose of observing methods 
and facilities, and to offer assistance with blood 
bank problems; and (3) to make bi-montlily 
distribution of unknowns to member banks as 
an outside aid in controlling materials and 
technics. 

Joseph Beaird, M.D. will direct the semi: ar 
organization. Distribution of unknown blocds 
will be under the supervision of Miss Katheri1¢ 
Melonis, M.T. (ASCP). 

Officers of the Alabama Association of Blood 
Banks are: president, Albert E. Casey, M. )., 
Birmingham; president-elect, J. D. Bush, M..)., 
Gadsden; vice president, S. D. Palmer, M. )., 
Birmingham; and _secretary-treasurer, T. F. 
Wilkes, M.T. (ASCP), Birmingham. 


AABB Annual Meeting Forecast 

The annual meeting of the American Assoc ia- 
tion of Blood Banks, sometimes called the 
world’s finest forum on blood banking, will 
convene for its fourteenth session on Octoier 
25-28 at the Drake Hotel, Chicago, Illinois. As 
in previous years, there will be sectional mcet- 
ings for administrative, scientific personnel, as 
well as joint sessions for presentation of topics 
of common interest. Participating in these pro- 
grams will be many experts in all phases of the 
transfusion field, a number of whom will be 
making their first appearance behind the AABB 
meeting podium. 

Overseas guests this year will be Dr. R. R. A. 
Coombs, Cambridge, Dr. Fred Stratton, Man- 
chester, and Dr. John F. Loutit, Harwell, Didcot. 

“Basic Blood Group Serology” is the topic 
of an excellent basic science seminar to be 
presented October 25 as a preconvention feature 
for technologists. An added feature, details to 
be announced, will provide opportunity for 
practical workshop assistance with laboratory 
problems. 

The need to keep abreast of scientific ad- 
vances in blood banking and of economic prob- 
lems in the health field, has greatly increased 
the sphere and urgency for research in blood 
bank administration. The October administra- 
tive forum will initiate investigation into the 
more apparent current problem areas. 

A tentative program for the meeting will be 
published in the September-October number of 
‘TRANSFUSION. 


A Special Annual Meeting Invitation to All 
Catholic Sisters 

The Committee on Local Arrangements is 
making special provision for the entertainment 


(Continued on page 268) 
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American Association of Blood Banks 


Central Office—Suite 1619, 30 North Michigan Avenue, Chicago 2, Illinois 


Board of Directors 
1960-1961 


Executive Committee 
President, John R. Schenken, M.D. 
Vice President, Mark Falcon Lesses, M.D. 
Secretary, Frank E. Trobaugh, Jr., M.D. 
Treasurer, Bernice M. Hemphill 
President-elect, Keith D. McMilan, M.D. 


Imnediate Past President, E. R. Jennings, M.D. 


Directors 
North Central District 
Meiba H. Olson, Minneapolis, Minn. 
Rosser L. Mainwaring, M.D., Dearborn, Mich. 


Northeast District 
Marcus E. Cox, M.D., Waterbury, Conn. 
Morten Grove-Rasmussen, M.D., Boston, Mass. 


South Central District 


L. Ruth Guy, Ph.D., Dallas, Texas 
Kenneth M. Heard, M.D., Jackson, Miss. 


Southeast District 


R. P. Tew, M.D., Lakeland, Fla. 
E. Arthur Dreskin, M.D., Greenville, S. C. 


Pacific District 
Harold D. Palmer, M.D., Denver, Co!o. 
C. A. Catassi, Oakland, Calif. 


Standing Committees 


Committee on Ethics 

John L. Shively, M.D., Chairman 
L. Ruth Guy, Ph.D. 

|. Stanley Kenney, M.D. 

joseph E. Porter, M.D. 

William A. H. Rettberg, M.D. 
Paul A. Van Pernis, M.D. 


Committee on Finance 
Cal A. Catassi, Chairman 
Bernice M. Hemphill 
Joseph M. Potts 


Committee on Membership 

W. S. Pheteplace, M.D., Chairman 
Marcus E. Cox, M.D. 

Lawrence W. Gardner, M.D. 

John B. Alsever, M.D., Advisor 


General Committees 
Committee on AABB Exhibit 


D. A. Sutherland, M.D., Chairman 
Donald L. Alcott, M.D. 

S. Steven Barron, M.D. 

Franklin C. Ebaugh, Jr., M.D. 
William P. Murphy, Jr., M.D. 


Committee on Blood Bank Administration 


William A. H. Rettberg, M.D., Chairman 
Earl L. Blackburn 

Lee N. Foster, M.D. 

William S. Kyler 

Pauline E. Novelli, R.N. 

Melba H. Olson 

Alberta F. Pratt 

Betty J. Strickler 

Committee on Bylaws 


Harold D. Palmer, M.D., Chairman 
Bernice M. Hemphill 

Keith D. McMilan, M.D. 
Committee on Education 

Frank R. Ellis, M.D., Chairman 


Subcommittee on Certification 


Frank R. Ellis, M.D., Chairman 

Clifford I. Argall, Ph.D. 

Katherine M. Beattie, M.T. (ASCP)BB 

Rosser L. Mainwaring, M.D. 

Grace F. Neitzer, M.T. (ASCP)BB 

L. Jean Stubbins, M.T. (ASCP)BB 
Subcommittee on Training 

Edward C. McGarry, M.D., Chairman 

trene Block, M.T. (ASCP)BB 

Leo P. Cawley, M.D. 

Lee N. Foster, M.D. 

L. Ruth Guy, Ph.D. 

Sister Charles Adele, M.T. (ASCP)BB 


Committee on Legal Affairs 


W. Quinn Jordan, Chairman 
Donald E. Clayton 

Howard Hassard 

Kenneth M. Heard, M.D. 
Paul I. Hoxworth, M.D. 


National Committee on Clearinghouse 


Bernice M. Hemphill, Chairman 
Dorothea J. Worcester, M.D. 
Robert T. Carroll, M.D. 
Dorothy C. Smith, R.N. 

Melba H. Olson 

Raymond F. Ambelang 

L. Ruth Guy, Ph.D. 

L. E. Heiges, Jr., M.D. 
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District Committees on Clearinghouse 


Northeast District 
Dorothea J. Worcester, M.D., District Coordinator 
and Chairman 
Robert T. Carroll, M.D., District Co-chairman 
E. H. Dahlquist, Jr., M.D. 
John J. Egan, M.D. 
Morten Grove-Rasmussen, M.D. 
Oscar B. Hunter, Jr., M.D. 
Julius R. Krevans, M.D. 
Robert C. Kammerer 
Mark F. Lesses, M.D. 
Robert F. Norris, M.D. 
Joseph E. Porter, M.D. 
J. H. Scherer, M.D. 


Southeast District 
Qorothy C. Smith, R.N., District Coordinator and 
Chairman 
Bob B. Andrews, M.D. 
Clifford I. Argall, Ph.D. 
E. A. Dreskin, M.D. 
R. E. Hunter 
Robert E. Klein, M.D. 
William R. Murphy, M.D. 
Hugh Vincent Bell, Jr., M.D. 
Jasper D. Bush, Jr., M.D. 
Bernice M. Hemphill (ex-officio) 


North Central District 
Melba H. Olson, District Coordinator and Chairman 
Raymond F. Ambelang, Co-chairman 
Glenn H. Gaddis 
Wayne A. Geib, M.D. 
Walter E. Haesler, Jr., M.T. (ASCP)BB 
William Henderson 
Rosser L. Mainwaring, M.D. 
Willard S. Pheteplace, M.D. 
Roger M. Buslee, M.D. 
John R. Schenken, M.D. 
Paul A. Van Pernis, M.D. 
Bernice M. Hemphill (ex-officio) 


South Central District 
L. Ruth Guy, Ph.D., District Coordinator and 
Chairman 
Norma M. Bender, M.T. (ASCP)BB 
Florence Del Prete 
E. Richard Halden, Jr., M.D. 
Raymond St. Peter 
Inkermann, C. Scott 
Howard R. Sullivant 
Bernice M. Hemphill (ex-officio) 


Pacific District 
L. E. Heiges, Jr., M.D., District Coordinator and 
Chairman 
John B. Alsever, M.D. 
Cal A. Catassi 
Donald T. Dougherty 
Robert P. Gibb, M.D. 
Keith D. McMilan, M.D. 
Mrs. Edward S. Babcock 
Il. J. Pinkerton, M.D. 
Robert W. Purvis, M.D. 
Betty Strickler 
Bernice M. Hemphill (ex-officio) 


The AABB president and the chairman of ‘he 
National Committee on Clearinghouse are ex-officio 
members of all district Committees on Cleari ig 
house. 


Committee on Planning 
Ralph M. Hartwell, M.D., Chairman 
John B. Alsever, M.D. 
Cal A. Catassi 
Herbert S. Bowman, M.D. 
Robert E. Klein, M.D. 
Oscar B. Hunter, Jr., M.D. 
Committee on Publications 
Subcommittee on Administrative Manual 
Assigned to Committee on Blood Bank 
Administration 
Subcommittee on Scientific Journal 
Tibor J. Greenwalt, M.D., Editor 
Morten Grove-Rasmussen, M.D. 
James F. Mohn, M.D. 
Scott N. Swisher, M.D. 
Wolf W. Zuelzer, M.D. 
Subcommittee on Technical Manual 
John B. Ross, M.D., Chairman 
John B. Alsever, M.D. 
James J. Griffitts, M.D. 
Morten Grove-Rasmussen, M.D. 
FE. R. Jennings, M.D. 
Robert E. Klein, M.D. 
Mark F. Lesses, M.D. 
Kurt Stern, M.D. 


Committee on Reference Laboratories 
Morten Grove-Rasmussen, M.D., Chairman 
Tibor J. Greenwalt, M.D. 

Mark F. Lesses, M.D. 

E. R. Jennings, M.D. 

James F. Mohn, M.D. 

Kurt Stern, M.D. 

Committee on Standards 

Mark F. Lesses, M.D., Chairman 
Tibor J. Greenwalt, M.D. 

Morten Grove-Rasmussen, M.D. 

E. R. Jennings, M.D. 

Oscar B. Hunter, Jr., M.D. 

Alan Richardson Jones, M.D. 

Robert F. Norris, M.D. 

John B. Ross, M.D. 

Committee on Inspection and Accreditation 
Oscar B. Hunter, Jr., M.D., Chairman 
Mark F. Lesses, M.D. 

Robert E. Klein, M.D. 

Paul A. Van Pernis, M.D. 

E. Richard Halden, Jr., M.D. 

Keith D. McMilan, M.D. 

Bernice M. Hemphill 


Committee on Workshops 

James J. Griffitts, M.D., Chairman 
Shirley Busch, BB Sp. (ASCP), Co-chairman 
John Gorman, M.D. 

Bob B. Andrews, M.D. 

Angelo Lapi, M.D. 

Albert McQuown, M.D. 

E. R. Jennings, M.D. 

Elsa F. Jahn, M.T (ASCP)BB 
George Nicholson, BB (ASCP) 
Eleanor Amberg, M.T.(ASCP)BB 
Mary W. Wright, M.T.(ASCP)BB 
Dorothy Day, BB (ASCP) 
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ASSOCIATIONS 


Ad Hoc Committees 
nmittee on Implementation of Inter-Society 
greement with ARC 
.. Jennings, M.D., Chairman 
nice M. Hemphill 
ir B. Hunter, Jr., M.D. 


imittee on Blood Banking Systems in the 
nited States 
k F. Lesses, M.D., Chairman 
« \oy Bates, M.D. 
: ph M. Hartwell, M.D. 
nice M. Hemphill 
Quinn Jordan 
«th D. McMilan, M.D. (ex-officio) 
n R. Schenken, M.D. (ex-officio) 


nmittee on Relations with Organized Labor 
sser L. Mainwaring, M.D., Chairman 

ar B. Hunter, Jr., M.D. 

Quinn Jordan 

vid M. Smith 


Annual Meeting Committees 
Committee on Awards 
James F. Mohn, M.D., Chairman 
Kurt Stern, M.D. 
L. Jean Stubbins, M.T. (ASCP)BB 


Committee on Exhibits 
William S. Kyler, General Chairman 


Subcommittee on Scientific Exhibits 
Frank E. Trobaugh, Jr., M.D., Chairman 
Julius Krevans, M.D. 
Herbert Perkins, M.D. 
Kurt Stern, M.D. 


Subcommittee on Technical Exhibits 
Raymond F. Ambelang, Chairman 
Donald E. Clayton 
Mildred I. DeLong 
Charles R. Smiley 
William E. Upton, Jr. 


Committee on Local Arrangements 
James B. Hartney, M.D., Chairman 


Felicia H. Barnas 

Robert A. Gallagher 

Morris Goldenberg, M.D. 

Carol Grabowski 

Victoria E. Jirsa, BB (ASCP) 
Sigfred L. Moinichen, BB (ASCP) 
Patricia Mullin, M.T. (ASCP) 
Douglas Nelson, M.T. (ASCP) 
Caroline S. Scott, R.N. 

Sister M. Theresia 

Committee on Administrative Program 
William A. H. Rettberg, M.D., Chairman 
Earl L. Blackburn 

Lee N. Foster, M.D. 

William S. Kyler 

Pauline E. Novelli, R.N. 

Melba H. Olson 

Alberta F. Pratt 

Betty J]. Strickler 

Committee on Scientific Program 
Israel Davidsohn, M.D., Chairman 
Eloise Giblett, M.D. 

Tibor J. Greenwalt, M.D. 

William C. Levin, M.D. 

E. R. Jennings, M.D. 

James F. Mohn, M.D. (ex-officio) 
John B. Ross, M.D. 

Kurt Stern, M.D. 

Committee on Technical Program 
Harold E. Bowman, M.D., Chairman 
Clifford I. Argall, Ph.D. 

Jene R. Bennett, M.D. 

William C. Bilbro, Jr., BB (ASCP) 
Shirley Busch, BB Sp. (ASCP) 
Narcissa D. Hocker, M.T. (ASCP)BB 
Ralph P. Jewell, M.T. (ASCP)BB 
Robert I. Modica, M.T.(ASCP)BB 
Grace F. Neitzer, M.T.(ASCP)BB 
Julius Rutzky, M.D. 

Jane Frances Taylor, M.T. (ASCP) 
Ben C. Turpin, M.T. (ASCP)BB 


Historian 
G. Albin Matson, Ph.D. 


AABB Advisory Council of State Representatives 
1960-1961 


Council Secretary—E. Arthur Dreskin, M.D. 
11 Sumner Street 
Greenville, S. C. 


Alabama: Albert E. Casey, M.D. 
Alaska: Michael F. Beirne, M.D. 
Arizona: Louis M. Hirsch, M.D. 
Arkansas: William S. Orr, Jr., M.D. 
California: Wayne Scott, M.D. 
Colorado: Arthur F. Lincoln, M.D. 
Connecticut: Joseph R. Bove, M.D. 
Delaware: John J. Egan, Jr., M.D. 


District of Columbia: Vernon E. Martens, M.D. 
Florida: John A. Shively, M.D. 
Georgia: Hugh Vincent Bell, Jr., M.D. 
Hawaii: Forest J. Pinkerton, M.D. 
Idaho: E. F. Sestero, M.D. 

Illinois: Frank E. Trobaugh, Jr., M.D. 
Indiana: Roger M. Buslee, M.D. 
Towa: Wallace Rindskopf, M.D. 
Kansas: Leo Patrick Cawley, M.D. 
Kentucky: H. Davis Chipps, M.D. 
Louisiana: Sam D. Cummins, M.D. 
Maine: Joseph E. Porter, M.D. 
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Maryland: Paul F. Guerin, M.D. 
Massachusetts: Mark Falcon 'Lesses, M.D. 
Michigan: Rosser L. Mainwaring, M.D. 
Minnesota: Frederick H. Lott, M.D. 
Mississippi: Kenneth M. Heard, M.D. 
Missouri: Vincent P. Perna, M.D. 
Montana: J. Pfaff, Jr., M.D. 

Nebraska: Jerry L. Tamisiea, M.D. 
Nevada: V. A. Salvadorini, M.D. 

New Hampshire: Samuel M. Brooks, M.D. 
New Jersey: Donald E. Brown, M.D. 
New Mexico: H. V. Beighley, M.D. 

New York: James F. Mohn, M.D. 

North Carolina: Bob B. Andrews, M.D. 
North Dakota: Gale R. Richardson, M.D. 
«Ohio: Frank B. Queen, M.D. 


News and Announcements 


(Continued from page 264) 


of all Catholic Sisters attending the AABB 
Fourteenth Annual Meeting. Following the 
seminar on October 25, the Sisters will tour the 
AABB Regional Reference Laboratory at Mount 
Sinai Blood Center, after which they will be 
guests at a buffet supper and movie. On Thurs- 
day afternoon, October 26, they will be guests 
for luncheon and a tour of a local pharmaceu- 
tical house, a visit to St. Mary’s Foreign Mission 


Oklahoma: James N. Owens, Jr., M.D. 
Oregon: M. M. Patton, M.D. 
Pennsylvania: Herbert S. Bowman, M.D. 
Puerto Rico: Walter A. Cervoni, M.D. 
Rhode Island: Enold H. Dahlquist, M.D. 
South Carolina: Donald G. Kilgore, Jr., M.D. 
South Dakota: T. R. Anderson, M.D. 
Tennessee: Elgin P. Kintner, M.D. 
Texas: E. Richard Halden, Jr., M.D. 
Utah: B. N. Carle, M.D. 

Vermont: Thomas D. Trainer, M.D. 
Virginia: John L. Thornton, M.D. 
Washington: A. A. Lempert, M.D. 

West Virginia: David F. Bell, Jr., M.D. 
Wisconsin: Elsa B. Edelman, M.D. 
Wyoming: Donald L. Becker, M.D. 


Museum, and dinner at a renowned Evanston 
restaurant. 

These sponsored events have been arranged 
by Sister M. Teresia, Holy Cross Hospital, Chi- 
cago, a member of the Committee on Local 
Arrangements. The AABB extends a very spe- 
cial invitation to all Catholic Sisters interested 
in blood banking to attend this year’s meeting. 
A retiring room for their daytime convenience 
and comfort is being provided through the 
courtesy of the headquarters hotel. 





